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GENERAL INSTRUMENT 
MICROELECTRONICS 


A TOTAL 
TECHNOLOGICAL SERVICE 


Glenrothes, Scotland—Mask Aligners. 3 


Hicksville, New York—Test area. 


Hicksville, New York—Microelectronics World Headquarters. 


General Instrument Microelectronics is one 
of the world’s leading manufacturers of MOS 
(metal oxide semiconductor) LSI (large 
scale integration) products. A pioneer in 
MOS/LSIin 1966, General Instrument is now 
a worldwide supplier of volume 
microelectronic products. 


Gl has facilities in every major market, 
providing customers with the full spectrum 
of services: new product development... 
applications engineering support... circuit 
manufacturing. 


Strategically Located Plants 

General Instrument operates four 
production facilities in the United States, 
Europe and the Far East. The plants at 
Glenrothes, Scotland; Chandler, Arizona and 


Chandler, Arizona—Wafer Coating. 
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Hicksville, New York have full capability for 
design, mask making, diffusion, assembly, 
test and quality assurance. The factory in 
Kaohsiung, Taiwan is specifically set up for 
high volume assembly, test, quality 
assurance and Far East applications 
assistance. 


In addition to providing nearby sources of 
supply on three continents, each planthasa 
backup facility designated as an in-house 
second source to insure uninterrupted 
delivery. Common processes and equipment 
are employed and major product styles are 
always produced in at least two separate 
locations. To maintain uniform standards 
from plant to plant, the quality assurance 
group at each facility reports toa 

worldwide quality assurance director. 


XQQ/// 


Because General instrument has a 
comprehensive exposure to the world MOS 
market, it has been able to structure its 
facilities to conform to evolving customer 
needs. Production capabilities are 
concentrated in product areas of greatest 
volume. Furthermore, cost effectiveness is 
enhanced because import duties are saved 
on locally manufactured products. 


Broad Product Lines 

General Instrument Microelectronics offers 
the widest range of standard LSI circuits in 
the industry. The company’s off-the-shelf 
microcircuit portfolio consists of over 200 
different MOS/LSI devices for a diversity of 
markets: consumer, calculator, tele - 
communications, and data management. 


Chandler, Arizona—Electron Beam Evaporation. 


As a leading supplier of consumer 
microelectronics, General Instrument 
manufactures MOS/LSI circuits for clocks, 
clock radios, TV tuners, remote control, 
appliance timers, radio and high fidelity 
systems. Gl is aleading supplier of LSI for 
video games; the AY-3-8500 was the first 
single chip LSI product to provide six 
different games with on-screen scoring and 
realistic sound. 


General Instrument is the largest 
independent manufacturer of microcircuits 
for hand held and printing calculators. The 
product selection ranges from the basic 
functions to advanced scientific and 
printing calculator LSI. 


Glenrothes, Scotland—Assembly operation. 


As an outgrowth of General Instrument 
Corporation’s long experience in 
telecommunications, GI Microelectronics 
has introduced a series of standard 
telephone circuits for use in the conversion 
of telephone apparatus from 
electromechanical to all-electronic 
operation. These circuits are being sold to 
the independent producers of telephone 
equipment around the world. 


This catalog not only contains an extensive 
range of products but offers the widest 


choice of circuits within each specific family. 


Note, for example, the microprocessor and 
memory product line. In addition to 
supplying ROMs and RAMs, General 
Instrument Microelectronics has introduced 
a major new product style. It’s the EAROM, 


Kaohsiung, Taiwan—Test 


or electrically alterable ROM, which 


combines the reprogrammability of the RAM 
with the non-volatility of the ROM. Further, 
Gl’s 4K Static RAM is particularly suited for 
use with microprocessors for data terminals 
and telecommunications. 


The CP1600 Microprocessor, which General 
Instrument developed jointly with Honeywell, 
is the world’s most powerful 16 bit 
microprocessor. For the first time, the logic 
byte size, or computing power, of 
mini-computer hardware is made available 
inasingle chip of silicon. 


Continuing Cost Effectiveness 

General Instrument helps you to compete. 
Our high volume orientation, coupled with 
aggressive cost reduction, has made 


aeeeee ee 


possible products previously beyond the 
reach of the everyday consumer. The GI 
Mini-Pak, introduced for calculator and 
consumer products, provides a further 
saving inlabor and material for the GI 
Microelectronics customer. 


Advanced Design Centers 
MOS design and development centers are 
maintained at Glenrothes, Scotland; 


Hicksville, New York and Chandler, Arizona. 


Research and development for new 
processes and products are conducted at 
each of these locations. 


Custom Design Services 

In addition to its extensive catalog of 
standard products, General Instrument 
Microelectronics provides custom design 
services to satisfy specific customer 


Stee Bean... 


requirements. In some cases, the custom 
application is best served by software or 
firmware programming of a standard 
microprocessor. In other cases, a custom 
chip layout is more cost effective. 

These services may be arranged through any 
of the Microelectronics sales offices. 


Applications Assistance Around the Globe 
To provide the special applications 
assistance that customers may require, 
General Instrument Microelectronics 
maintains fully staffed Applications Centers 
at strategic locations around the world... 


U.S.A.—Hicksville, New York / Chandler, 
Arizona 


EUROPE—Glenrothes, Scotland / London, 
England / Munich, Germany 


AS|A—Kaohsiung, Taiwan / Tokyo, Japan / production techniqués and technological 
Hong Kong know-how of the entire General Instrument 
organization are utilized by GI 
Microelectronics to further improve its 
products and customer services. 


SOUTH AMERICA— Sao Paulo, Brazil 


Arrangements can be made for immediate 
assistance from these centers by contacting 


chen Among the other electronic components 
any of the sales offices listed in this catalog. 


manufactured by General Instrument are 
discrete semiconductors, relays, display 
devices and TV components. GI also 
produces CATV equipment, off-track and 
on-track wagering systems and equipment 
for defense applications. 


Corporate Support 


General Instrument Microelectronics is 
backed by the full resources of the General 
Instrument Corporation, which has for over 
50 years been among the leaders in the 
application of modern electronics to 
entertainment, industrial, military, 
data and communications 
systems. The skills, 


Hicksville, New York—Pattern generator. 


Hicksvilie, New York — 
Computer-aided design system. 
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CALCULATORS | | Ay _ Section 2 


4 functions and percent key. CF-683 C-683 | C-683D CF-583 C-583 


8 DIGIT 
BASIC 4 functions, percent key, one-key or 
multi-key memory. CF-685 C-685 C-685D CF-585 C-585 
8 DIGIT 4 functions, percent key, x2,/x, 1/x, +/-, one-key or multi-key memory, 89D 
ALGEBRA | choice of 20 to 29 keys. C-689 


4 functions and percent key. CF-593 C-593 


4 functions, percent key, one-key memory. ; | CF-594 


4 functions, percent key, multi-key memory. CF-595 C-595 


Basic 4 functions; scientific notation, sin, cos, tan, arc sin, arc cos, arc tan, memory, 
square root, pi, natural logs, 1/x, e*, memory exchange, degrees and radians, CF-596 C-596 
exponent* range +99, choice of 19 to 35 keys. 


9 DIGIT 
BASIC 


9 DIGIT j 
SCIENTIFIC -| All the above plus: 0 to 10” degree trig range, logic, 10°, y*, extended digit 
accuracy of transcendentals, choice of 21 to 38 keys. 


All the above plus: two levels of parenthesis, x2, %, +/-, choice of 24 to 41 keys. 


The C-500/C-600 series are pin-for-pin compatible chips designed to fit in the same basic PC board. All have automatic constant in 4 functions, 
floating decimal, on-board oscillator, single power supply, and drive LED segments or fluorescent displays directly. All are in a 28 lead DIP. 


a | PART 
DESCRIPTION FUNCTION UNCTON NUMBER PACKAGE! FEATURES 


Basic 4 functions and percent, somalescd ae C77 
automatic constant in multiply Nieniones C-717X 


and divide, repeat add/subtract, 
decimal select mode, memory-in- 
use indicator, rounding options, 
non-add(#)/date key, and other 
features. 


PAGE 


Interfaces with the Shinshu 


12 DIGIT Seiki Model 310 impact printer. 


PRINTING 


Accumulator, item 40 DIP 


counter, and four- 
key independent 
memory. 


pines Adds dispiay capability to the C-717X <Caip For both LED 
INTERFACE and C-718 printing calculator circuits. i 28 DIP and fluorescent displays. 


*For future release. 


FEATURES 
Direct fluorescent 
display drive. 


Direct fluorescent 
display drive. 


See AY-5-8320 
TV circuit. 


| z 
ete ela’ 


| CLOCKS 7 CLOCK RADIOS 


[oecnoon | remeron | iin | _otnarnre [SABIE] yt of 
AY-5-1200A ae | 
wove en <a 
eee sete || 

ai 


50/60 Hz 
RATION 


4 DIGIT 


Direct fluorescent 
display drive. 


Zero blanking in 
12 hour mode Be logar| 


Snooze alarm, 
40 DIP cue digit 
drive. 
| Snooze alarm; 
40 DIP | oe digit 
drive. 


12 hour clock, 
24 hour alarm 


4DIGIT 
WITH ALARM 


Snooze alarm, 
duplexed digits. 


Snooze alarm, 
duplexed digits, 
sleeptimer, time- 
switch, battery 
standby 
capability. 


12/24 hour 
clock radio 
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RADIO / TELEVISION / TV GAMES Section 4 


DESCRIPTION FUNCTION eaca: ‘‘heaeste | PACKAGE FEATURES Poe 
= ae 412 digit display; MW 2999 kHz, SW 29.995 
FA Noy | Counts & displays MW, SW, Da Siscla Dacia mies 2epip | Miz, VHF 299.96 MHz; Oto 99 FM channel 
COUNTER/DISPLAY and VHF frequencies AY-5-8101 GND, —12. aa uropean standard), 7-segment 
Displays channels 0—15 
AY-5-8300 Display is positioned at top-right corner. 
TV CHANNEL ) +18, GND 14DIP Capable of color numerals/black 
DISPLAY pele: channels 1-16 0n AY-5-8302 background. Automatic display recall. 
V screen 


Displays channels O—15 or Display is positioned at top-right corner. 
00—99 or time on TV screen. AY-5-8310 ee or corer  Eeeanae AVS ato) 
ground and either separate or 
TV ee A A +18, GND simultaneous (AY-5-8320) time and channel 
; display (see AY-5-1203A clock circuit), with 
Displays channels 1-16 AY-5-8320 flashing seconds and colon. Automatic dis- 
and/or time on TV screen play recall. 


Power on/off output, 16 TV channel selection 


(& 5 spares), brightness, saturation and 68 


: 9V 30 ultrasonic control channels, 34-44 kHz. 
SAA 1024 BATTERY Utilizes a 4.4 MHz TV crystal for accuracy. 
: SEE DATA 
Receiver SHEET 
TV REMOTE volume analog outputs. 
23 channels, either local control 
*AY-5-8414 at receiver or remote control. 


CONTROL 
*AY'-5-8410 GND, -15 
Transmitter 
-ay-s-0420 | GND,-15] | 69 channels with error-detection, 


realistic sounds, visually defined playing 
area, 525 and 625 line standards. 


Add-on for TV sets. 6 games: 3 two-person and 3 one-person games. 
TV GAMES tennis, squash, hockey AY-3-8500 ov: Automatic scoring (displayed on TV screen), 
(soccer), pelota, rifle shooting AY-3-8500-1 BATTERY 
1&2 


Section 5 


FEATURES 


ELECTRONIC ORGANS / FREQUENCY DIVIDERS 


PART MAXIMUM POWER 
DESCRIPTION FUNCTION FREQUENCY SUPPLIES 


PACKAGE 


BARON Generates a complete octave eet 0el 1.5 MHz +12 GND 250 kHz minimum 
GENERATOR of musical frequencies AY-1-0212A 25 MH ' frequency 
ie z 


AY-3-0214 
AY-3-0215 
AY-3-0216 


PRIORITY os 
LATCHING Ta REE aS oe ae Of | ay-1-1313°| 20kHz  |GND, —12, —27 
NETWORK Pp pur 
RHYTHM Generates 6 rhythms. drives | ay.s5.4315 10 kHz GND, —15 18 DIP tS rivthin 2 bectoaten 
GENERATOR | 8instruments Mask programmable. 
CHORD Produces major, minor, 7th 2 = Mixed outputs, sustain, top 
GENERATOR chords, walking bass AY-5-1317A SO kHz GND, —15 40 DIP key priority 


AY-1-6721/6 | 1MHz — |GND,-13,—27] 12TO | Arranged 3+2+1 
6 stage AY-1-1006 50 kHz GND, —12, — 27 14 DIP Arranged 3+2+1 
AY-1-2006 50 kHz GND, —12, —27 14 DIP Arranged 2+2+1+1 


GND, —13, —27 Arranged 3+2+1+1 
7 stage 
come ts a Arranged 3+ 2+1+1, 
APPLIANCE TIMERS -——_ °° 


PART POWER 
DESCRIPTION FUNCTION NUMBER SUPPLIES | PACKAGE | FEATURES 


Section 6 
50 Hz input (60 Hz option on request), BCD or 
24 hour programmable, 7-se : , : 
, P ep. = -segment direct fluorescent display drive 
CLOCK TIMER hel et yg ple switch AY-5-1230 GND, —17 28 DIP outputs, zero blanking, 24 hour display (12 
hour option on request). 


TOP OCTAVE 
GENERATOR 


Generates top octave scale 


12 outputs, 50% duty cycle 
4.5 MHz 10 to +16, GND 16 DIP 13 outputs, 50% duty cycle 
13 outputs, 30% duty cycle 


Stackable for expanded 


40 DIP 


latching/priority function. 


FREQUENCY 
DIVIDERS 


COUNT-DOWN | emer ore ra hoe ree 40 Dip. | 60 Hz input, drives 4 digit display, end-of- 
TIMER min/99 sec capability. count audio output. 


“For future release 
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Section 7 


FEATURES 


Converts push button 
input to rotary dial 
pulses 


Programmable timing, one-call memory, optional re- 
dial and access pause capability. 


TELECOMMUNICATIONS 

TELEPHONE 

REPERTORY | Stores ten telephone ee Compiements AY-5-9100 to enable storage of up to 
DIALLER AY-5-9200 | SEE DATA SHEET | 160IP | ten 22-digit telephone numbers. Stackable. 


toes : ‘PART POWER | 
DESCRIPTION FUNCTION NUMBER SUPPLIES PACKAGE 
PUSH BUTTON 
CIRCUIT 
Controls the operation : oor ies . 
Coe | ofastandard pay AY-5-9300 |SEEDATASHEET| 24DIP | UP'03 coin denominations recognized. 16 
telephone ; 
DUAL TONE AY-3-9400 +5,GND | 1401 | with . low cost ceramic resonator, generates 12 131 | 


MULTI- ter on alae lg 
FREQUENCY telephone frequencies Same as AY-3-9400 but : 
ae -3- generates 16 tone pairs for 
GENERATOR AY-3-9410 +5, GND | seo | data transmission. 


Generates 2-phase 5. 
SM NEAATOR | clocksfromasingle | AY-5-9500 |SEEDATASHEET| 14DIP | Generates 2-phase Clocks for AY-5-9100 & 
’ power supply . 
MULTI- Detects and converts | 
*AY-5-9800 |SEE DATA SHEET a on or 


FREQUENCY | MF/Tone telephone 
RECEIVER frequencies. 
DATA COMMUNICATIONS _. | | | Ore Section 8 - 
| PART REPLACES | BAUD " TEMP. | POWER PAGE 
DESCRIPTION | FUNCTION | wUMBER | (PIN-FOR-PIN) | RANGE Ea RANGE _ | SUPPLIES | PACKAGE | Eerie? | NO. 
* , 1,1.5,or2 
AY-3-1015 0 to 30 kb| 480 kHz +5,GND | 40DIP | Siopbits, 
Complete 5-8 TAY-6-1013 eH Oto 20 kb | 320kHz |—55to +125 
bit serial/ SMC COM2505 +5, GND, 
UAR/T® parallel, AY-5-1013 | SMC COM2505 | 9 to 30 kb 40DIP_ | 10r2stopbits 


Many programmable features provide wide 
applications. 


parallel/serial WD TR1402A mle 
interface AY-5-1013A WE TE GGA | to 40 kb 


Multiplexes 16 
RANDOM/ analog chan- AY-5-1016 
SEQUENTIAL | nels, current, +5, GND, 40 DIP 
ACCESS voltage, or ~12 
MULTIPLEXER ne tAY-6-4016 
mode 


tAlso available with MiL STD 883 screening (add suffix TX to part number). 
®UAR/T is a registered trademark of General Instrument Corporation. 


COUNTERS / DIGITAL METERS © of Section 9 


PART MAX. COUNT | DISPLAY| POWER PAGE 
FUNCTION NUMBER FREQUENCY |CURRENT| SUPPLIES FEATURES 


[PACKAGE ae 
MEM 10588¢ P= Jano, —13,-27] 240 [acd ouput 
| 10m foro —13, —27 Ea 7-segment outputs 162 


AY-5-4007 
AY-5-4007A 25 mA/V | +5, GND, —12 

me3 Serial count output, —_[ 
AY-S-4007D three carry outputs 172 

fee Range to 1999, 7- 
AY-5-3507 18 DIP segment outputs 

40 kHz GND, —15 
igs Range to 1999, BCD 


26 ; 3 ranges: 999, 1999, 
SnCu aa Sanction AY-5-3500 | moons: | oma | GND, —7.5,—15| 28DIP 2999. Dual polarity, 
| & 7-seg. outputs 


DESCRIPTION 


1 DIGIT 
COUNTER 


1 DIGIT 
COUNTER/ 
DISPLAY DRIVER 


4 DIGIT 
COUNTER 


Counts & decodes one 
decade to BCD outputs. 


Counts & decodes one 
decade to 7-segment 
outputs. 


Counts, stores & 
decodes four decades AY-5-4057 
to BCD outputs. 


BCD outputs 


BCD outputs, true/ 


complement control 172 
ADIGIT Counts (up or down), 
COUNTER/ stores & decodes four Includes featuresof | 475 
DISPLAY DRIVER | decades to 7-segment AY-5-4007 & 4007D. . 


outputs. 


3'/2 DIGIT DVM 
CIRCUIT 


DVM logic incorporating 
dual ramp integration 


10 BIT D/A Ladderless D/A fae _ Employs stochastic 
CONVERTOR | converter AY-5-5053 |SEE DATA SHEET +5,GND, —12 24 DIP techniques 
F With AY-5-5053 : 
A/DCONVERTOR ns ro ti For use inremote 
CONTROL oalabll Lelebety | AY-5-5054 |SEE DATA SHEET +5, GND, —12 Ea sensing applications. 


*For future release. 
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MICROPROCESSORS : Section 10 
INTERNAL CLOCKS/ 
DESCRIPTION NUMgeR |REGISTER| FREQUENCY’ |'NTER-| POWER. 
ADD MICROCYCLE 
16 BIT— High performance, N-Channel, single-chip with 3rd 
generation minicomputer architecture, 87 basic instructions, 8 CP 1600 3.6 4s |2/3.3 MHz/ 600 ns. 
general purpose 16 bit registers, last-in/first-out stack of unlimited TTL 
depth, 65K memory address capability, dual level priority interrupt ‘ 
system, and Direct Memory Access capability. CPIGO0A/; 2.4 us | 2/5 MHz/ 400 ns. 


8 BIT—PIC: A single-chip byte oriented micro-programmable 

interface controller for low cost microprocessor/peripheral device | «pic 1640 

interfacing. An internal ROM microprogram defines the overall 

functional characteristics and operational waveforms on each of the 18 1/4 MHz/1 ys TTL +5 GND 


computing functions. Full software support and a Hardware Emulator 
are available. 


LP 8000 
8 BIT— ALPS: Advanced Logic Processing System. A kit of 5 P- 
Channel arrays consisting of microprocessor, ROM, |/O, memory LP 6000 
interface (to standard, RAM, ROM, PROM), and a clock/reset 
5.5uS 


general purpose |/O lines. Both products emphasize control and 
interface functions. PIC 1650 design/instruction set also supports *PIC 1650 


generator circuit. The microprocessor contains an 8 bit accumulator,| LP 1010 1/720 kHz/694 ns. 
48 internal registers, binary and decimal capability, and an input/ 
output port allowing simple systems to be configured with as few as LP 1000 
two chips. 
LP 1030 


General Instrument offers a “total product family” approach to microprocessor circuits including the circuits described here plus a “For future release 
full complement of semiconductor circuits, PC card modules, prototype development hardware, extensive software support and 
comprehensive documentation. For further information cal! the sales office nearest you. 


° Section 11 


POWER 
SUPPLIES PACKAGE FEATURES 


BITS/ MEMORY PART 
MODE ORGANIZATION NUMBER (PIN-FOR-PIN) 


STATIC 200% > 
RA-3-4256B fl 650ns/650ns +5, GND 


SEMI 4200 215ns/400ns +12, +5, GND, —5 22 DIP | TTLoutput 
4096 / 4096 x 1 
STATIC SEMI 4402 200ns/350ns +12, GND, —5 22 DIP | Differential outputs 


RANDOM ACCESS MEMORIES 
, REPLACES 


ACCESS TIME/ 
CYCLE TIME 


500ns/500 ns 
650ns/650ns 


RA-3-4402 


ELECTRICALLY ALTERABLE READ ONLY MEMORIES | Section 12 


BITS MEMORY PART R ERASE; ERASE WRITE 
ORGANIZATION NUMBER /| ACCESS TIME | TIME MODE TIME 


EAD 
ae 
2us 
LS | 


10 year 
data storage 
@ 70°C 


BLOCK | _10ms/ +5, -5 
saci | aus | 1000s (1024x4) | 4BIT WORD] -14,-24 | 24DIP 
4096 1024x4 : 
: WORD 100ys/ +5,-12, 


“For future release. 
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[=] FUNCTIONAL INDEX 
READ ONLY MEMORIES 


—12 

1024 
RO-7- 1024/8 STATIC’ | Ooh 
512x4 RO-7-2048/4 ay STATION |) 2 eh 
s 2 ’ 
12 


: Section 13 


270 
278 
273 


REPLACES 
(PIN-FOR-PIN) 


ACCESS 


BITS TIME 


CLOCKS/| POWER |packace FEATURES 


VOLTAGE | SUPPLIES 
RO-6- 1024/4 avail. 


for —55° to +125° 


sTaTic | +5 GND 


tus (typ.) 


RO-6-1024/8 avail. 
for —55° to +125° 


1s (typ.) 


RO-6-2048/4 avail. 
for —55° to + 125° 


RO-6-2048/8 avail. 
for —~55° to + 125° 


2048 


RO-7-2048/8|} _ — (oo) static | +5 oe 


RO-5-1302 | INTEL 1302 (Ga static | +5, GND 
2560 RO-3-2560 pm 450ns. | STATIC | +5.GND | 18DIP 
4096 RO-3-4096 fm static | +5,GND | 220IP 
| 512x10 | RO-3-5120 | EA 4000 STATIC | +5,GND | 24DIP 
my AMIS886s | 1.2us a 
4096 x 4 RO-3-16384 


GENERAL 
PURPOSE 


Mask programmable 
version of 1702 


RO-3-8316A 
2048 x8 STATIC +5,GND 24 DIP 
450 ns. 


RO-3-9316A 
2048x10 ‘| *RO-3-20480 eee ow STATIC | +5,GND | 24DIP | 281 | 


Note: All Read Only Memories are mask-programmable. *For future release. 


INTEL 2316,A 
INTEL 4316,A 
INTEL 8316,A 


20480 


o 
w® 
@ 
> 


KEYBOARD ENCODERS / CHARACTER GENERATORS | 7s Section 14 


| MEMORY PART REPLACES | ACCESS |CLOCKS/| POWER 
DESCRIPTION! BITS | ORGANIZATION (PIN-FOR-PIN) VOLTAGE | SUPPLIES rentUn 


1/TTLOR 2 key rollover, 88 

AY-5-2376 INT.OSC. 2 keys, 3 modes 
KEYBOARD 
ENCODER 
2/N key rollover, 90 


1/TTLOR 
90x4x10 AY-5-3600 INT. OSC. 2 keys, 4 modes 


MK 2302 5.x 7 characters, 
64x5x7 RO-5-2240S FSC 3257 O : 24 DIP column output, on- 
chip scanning 


CHARACTER 5x 7 characters, 


GENERATOR | 2560 64x8x5 RO-3-2513 SIG 2513 F 24 DIP row output 


9 x 9characters, on- 
64x9x9 RO-5-5184 FO 2 chip left/right 
scanning 


6 S/R’s arranged 


+5, GND, 
Set control dual 
DC-2 MHz ei aa. 16 DIP input selector 
DC-2 MHz 


’ T 
DUAL 50 +SL-5-2050 | SL-6-2050 +5 GND. | 8/14DIP,8TO 
100 . TTL 1/TTL or 
QUAD 25 tSL-5-4025 |-SL-6-4025 | DC-1 MHz | | osaop fs 
DUAL 64 +SL-5-2064 | SL-6-2064 DC-1 MHz +5.GnD. | 8/14DIP,8TO Le 
128 aa TTL 1/TTL dated 
QUAD 32 tSL-5-4032 | SL-6-4032 DC-1 MHz 14DIP ee, 
"DUAL 100 tSL-5-C2100 DC-2 MHz TTL Bp es 14DIP,8TO Pe 


tSL-5-2128 DC-1 MHz 
DUAL 128 TTL wTTL | *%:GNP. | g14DIP,8TO 
SL-5-C2128 DC-2 MHz 


tAvailable in Europe as part number SS-7-2016 (16 lead plastic DIP only) tAvailable in Europe as part number SS-7/SL-7 (14 lead plastic DIP only). 
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AMI 
DEVICE NO. 


ELECTRONIC 
ARRAYS 
DEVICE NO. 
EA4000........ 


EMM/SEMI 


DEVICE NO. 


FAIRCHILD 
DEVICE NO. 
8201, «idienun es 


INTEL 


MOSTEK 
DEVICE NO. 


MK50242 ...... 


PIN-FOR-PIN REPLACEMENT INDEX 


Gl 
REPLACEMENT 
AY-5-1013/1013A 
AY-3-1014A/1015 
AY-1-1006 
RO-5-8192 
RO-3-16384 


Gl 
REPLACEMENT 
RO-3-5120 


Gl 
REPLACEMENT 


RA-3-4200 
RA-3-4402 


Gl 
REPLACEMENT 


RO-5-2240S 


Gl 

REPLACEMENT 
RO-5-1302 
RO-3-8316A/8316B 
RO-3-8316A/8316B 


Gl 
REPLACEMENT 


RO-5-2240S 
AY-3-0215 
AY-3-0216 
AY-3-0214 
AY-1-0212 


NATIONAL 


DEVICE NO. 


MM5303 ..... 
MM5303 ..... 
MM5823 ..... 
MM5824 ..... 


SIGNETICS 


DEVICE NO. 


SMC 
DEVICE NO. 


COM2505.... 
COM2505 .... 


KR2376 
KR3600 


WESTERN 
DIGITAL 
DEVICE NO. 


TR1602...... 
TRIGO2 » 5.0% 


TEXAS 


INSTRUMENTS 


DEVICE NO. 


eo © @ @ @ 


Gl 
REPLACEMENT 
AY-5-1013/1013A 
AY-3-1014A/1015 
AY-1-2006 
AY-1-1006 


Gl 
REPLACEMENT 
RO-3-2513 
AY-5-1013/1013A 
AY-3-1014A/1015 


Gl 
REPLACEMENT 
AY-5-1013/1013A 
AY-3-1014A/1015 
AY-5-2376 
AY-5-3600 


Gl 
REPLACEMENT 


AY-5-1013/1013A 
AY-3-1014A/1015 


Gl 
REPLACEMENT 


C-593 © 
CF-593 


AY-5-3600 
AY-5-1013/1013A 
AY-3-1014A/1015 


15 


GENERAL 


INSTRUMENT 


C/CF-583 
C/CF-683 
C-683D 
C/CF-589 
C/CF-585 
C/CF-685 
C-685D 
C-689D 
C/CF-593 
C/CF-594 
C/CF-595 
C/CF-596 
C/CF-598 
C/CF-599 
C-717 
C-717X 
C-718 
C-719 


C/CF-580 SERIES 
C/CF-590 SERIES 
C/CF-680 SERIES 


GENERAL 
INSTRUMENT 


Display Calculator Circuits 


FEATURES 
eats ee N 

m Printed circuit board compatibility of circuits. Sabaneta hates 

a Direct segment drive for LED displays (C-XXX) Top View 

a Direct segment and digit drive for LED displays (C-XXXD) Serer Pe rer 

a Direct fluorescent display drive (CF-XXX) SEeMENTER SERENE 

= Algebraic operation SEGMENT F ( SEGMENT A 

# Automatic constant SEGMENT G (] DECIMAL POINT 
@ Floating point operation SEE NOTE BELOW (J DIGIT 1 OVERFLOW 
= Constant or chain operation (no switch required) oe 28D: 
@ Leading zero suppression a 

® Automatic power-on clear SiGirs 

® Internal clock (on-chip oscillator) DIGIT 6 

® Internal keyboard debounce logic DIGIT 7 

DIGIT 8 
. DIGIT 9L.S.D. 

DESCRIPTION OSCILLATOR ENABLE (] 14 Vss 

General Instrument’s broad line of display calculator circuits, the E: — ; 
C/CF-500 Series and the C/CF-600 Series, consists of pin-for-pin Pent rave iianieal on functions on alipanaexcect pins, 
compatible circuits designed to fit in the same basic PC board. 9, 10 and 11. These pins are utilized for the distinctive 


functions of each calculator circuit mode! as described on 


This provides a high degree of flexibility in calculator models the following pages of this section. 


manufactured while minimizing the tooling required. 


9V- 9V LED 
4 functions and percent key. CF-683 C-683D C-583 
8 DIGIT 
BASIC 


4 functions, percent key, one-key or CF-685 £-585 C-58 
multi-key memory. Vee oon Poe aoe 
4 functions and percent key. 
Achat 4 functions, percent key, one-k | CF-594 
BASIC ions, p y, one-key memory. - 
4 functions, percent key, multi-key memory. 
All the above plus: 0 to 10” degree trig range, logic, 10%, y*, extended digit 
accuracy of transcendentals, choice of 21 to 38 keys. 


All the above plus: two levels of parenthesis, x2, %, +/-, choice of 24 to 41 keys. CF-599 C-599 


8 DIGIT 
ALGEBRA 


4 functions, percent key, x?,/x, 1/x, +/-, one-key or multi-key memory, 
choice of 20 to 29 keys. 


Basic 4 functions, scientific notation, sin, cos, tan, arc sin, arc cos, arc tan, memory, 
square root, pi, natural logs, 1/x, e”, memory exchange, degrees and radians, 
exponent range +99, choice of 19 to 35 keys. 


9 DIGIT 
SCIENTIFIC 
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C/CF-580 SERIES ® C/CF-590 SERIES #® C/CF-680 SERIES [=] 


I. THE FOLLOWING APPLY AS NOTED: 


A. AUTOMATIC CONSTANT (All circuits) 

The answer from any operation is entered automatically as a 
Constant by the = key without a constant switch. The Constant 
may then be used with all five functions and the answer from any 
Constant calculation can be used for further calculations without 
re-entry. This provides an extremely powerful facility for solving 
many complex equations without the need for writing down or 
remembering intermediate results. It is particularly useful for 
raising to a power, compound interest calculations, nth roots, 
depreciation calculations, etc. In constant multiplication, the 
constant is the first entered number (constant multiplicand). In 
division, addition and subtraction, the constant is the second 
entered number. The completion of the first operation with the 
depression of the = key initiates the storage of the constant 
number. For subsequent operations it is only necessary toentera 
number and depress the = key. 


B. DECIMAL ALIGNMENT (C/CF-593, C/CF-594, 
C/CF-595) 

The results of addition or subtraction will remain aligned to the 
preceding number having the most decimal places. This feature 
allows computation in the dollar and cents mode without sup- 
pression of the zeros to the right of the decimal point. If a right 
shift is needed to keep the eight most significant digits, the least 
significant digits are lost. The results of multiplication and divi- 
sion will be completely right adjusted such that only the most 
significant digits are displayed except during overflow. 


C. CAPACITY (All except Scientific Circuits) 

For the C/CF-580 Series and the C/CF-680 Series, in the case of 
overflow, the eight most significant digits are displayed (seven 
digits and minus sign for negative answers) all decimal points are 
litand the keyboard is locked out. Only the operation of the clear 
key will allow continued operation. On depression of the clear 
key, the decimal point is shifted eight places to the left of its 
actual position. 

For the C/CF-593, 594 and 595, in the case of overflow, the 
overflow symbol is displayed, and the decimal point shifted eight 
places to the left of its actual position. Under these conditions, 
the keyboard is locked out such that only the operation of the 
clear key will allow continued operation. 


In all cases, for an attempted entry requiring more than eight 
display digits, the most significant digits are protected upon the 
attempted entry of another digit. The keyboard is not locked out 
and operations are still able to be performed. 


When division by zero is attempted, an overflow condition results 
and a zero is displayed. 


D. PERCENT KEY (all except C/CF-596 and 598) 
Multiplies the two preceding entries and divides by 100, and 
when followed by = gives add-on and discount: A+B% yields 
(AB/100); A+B%=yields A+(AB/100). A-B% yields (AB/100); 
A-B%=yields A—(AB/100). . 


E. CHANGE NOTATION KEY (Scientific Circuits) 
Depression of the CHG NOT key will convert the displayed 
number to scientific notation, if it is in the “normal” mode, or it 
will display the 8 most significant digits of a scientific mantissa 
with the decimal point correctly located (even if it falls beyond 
the display area) and trailing zeroes shall be blanked. In addition, 
for numbers less than one, the digits are left shifted oom all 
leading zeroes have been eliminated. 


F. EXPONENT KEY (Scientific Circuits) 

EEX: This key operates as follows: The EEX key sets the two right 
most digits to zero, the third digit from the right is blanked and the 
calculator is conditioned to accept sign and numeral keys to 
define the exponent value of the number entry. If the mantissa 
had numbers in any of the last three digit positions, these are 
retained but not displayed. 


G. FUNCTION KEY OPERATIONS 

(Used only with dual- function keys) 

Depression of the F key sets the calculator in the “Function” 
mode and the F indicator is lit. The dual function keys will then 
function as indicated by their upper case designation. Single 
function keys directly perform the indicated function. 
Depression of the second key of the sequence resets the “Func- 
tion” mode and the F indicator is turned off when the answer is 
displayed. The “Function” mode can also be reset by a second 
depression of the F key. 


TT THE FOLLOWING APPLY AS NOTED TO CIRCUITS 
WITH MEMORY: 

A. MEMORY DESCRIPTION: One-Key memory as 
provided in C/CF-585, 589, 594, 685, C-685D & C-689D. 
M: The Memory key is used in conjunction with other function 
keys to define a two key sequence which sets a mode of operation 
associated with the memory register and terminates any imme- 
diately preceding entry. 

Operation of the M key followed by + adds the contents of the 
display register to the memory register without altering the 
contents of the display register. 

Operation of the M key followed by — subtracts the contents of 
the display register without altering the contents of the display 
register. 

Operation of the M key followed by = transfers the contents of the 
memory register into the display register without altering the 
contents of the memory register. 

Operation of the M key followed by C/CE clears the contents of 
the memory register. 

Operation of the M key followed by the X key performs a memory- 
display exchange function. The contents of the memory register 
are brought out to the display register and the contents of the 
display register are written into the memory register, replacing 
the previous contents of the memory register. 

Operation of the M key followed by any key other than +, —, X, =, 
orC/CE shall reset the M condition and act upon the subsequent 
entry as if the M had not been entered. 

in addition, two optional keys are provided with the C/CF-594 for 
operation as follows: 


MR, MEMORY READ: Functions identically to the M = sequence 
above. 

MC, MEMORY CLEAR: Functions identically to the M C/CE 
sequence above. 


B. MEMORY DESCRIPTION: Multi-key memory as 
provided in all algebra and scientific circuits 

MR, MEMORY READ: Functions identically to the M = sequence 
above. 

MC, MEMORY CLEAR: Functions identically to the M C/E se- 
quence above. 

M+, MEMORY PLUS: Functions identically to the M+ sequence 
above. 

M-—, MEMORY MINUS: Functions identically to the M— sequence 
above. 

MEX, MEMORY EXCHANGE: Functions identically to the MX 
sequence above. 


In addition, the C/CF-589 and C-689D are provided with a 
STORE key which transfers the contents of the display to 
memory without changing the display. 


C. MEMORY DESCRIPTION: Multi-key memory as 
provided in C/CF-585, 595, 685 and C-685D. 

MC, MEMORY CLEAR: clears the memory while leaving the 
display intact. 

MR, MEMORY READ: transfers the data in memory to the display 
without changing the memory. 

M+,MEMORY EQUALS/PLUS: completes the preceding oper- 
ation, displays the result, and adds the result to the memory. 
M=,MEMORY EQUALS/MINUS: completes the preceding oper- 
ation, displays the result and subtracts the result from the 
memory. 

In addition, the C/CF-585, C/CF-685 and C-685D are provided 
with a MEX (Memory Exchange) Key which functions as 
previously described. 


The C/CF-595 is provided with the following additional memory 
keys: 


MR/MC, MEMORY READ/MEMORY CLEAR: this single key op- 
eration transfers the memory data to the display on the first 
depression. When depressed two successive times, the memory 
data is transferred to the display and the memory cleared. 


x, SUM KEY: when connected to Vss, this accumulate switch, 
independent of the keyboard, adds the contents of the display to 
memory with each depression of the equals key. 
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[a] C/CF-580 SERIES 8 C/CF-590 SERIES 8 C/CF-680 SERIES 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* Fluorescent Display | Fluorescent Display | LED Display | LEDDisplay | LED Display 
CF-6XX Series _ CF-5XX Series C-5XX Series | C-6XX Series | C-6XXD Series 


Voc supply voltage range’ .. -15V to +0.3V —20V to+0.3V —20V to+0.3V | -—15V to+0.3V | -15V to +0.3V 
Clock input voltage range’ -15V to +0.3V —20V to+0.3V —20V to+0.3V | -15V to+0.3V | -15V to +0.3V 
Data input voltage range! -30V to +0.3V —32V to+0.3V —20V to+0.3V | -—15V to+0.3V | -15V to +0.3V 
Applied output voltage range’ -30V to +0.3V —32V to+0.3V —20V to+0.3V | —15V to+0.3V | -15V to +0.3V 
Maximum power dissipation at +25° C2 500 mW 


-20°C to +70°C 
0°C to+40°C 
0 to 95% 


Storage temperature range 
Operating free-air temperature range 
Relative humidity range (no condensation) 


AH inputs and outputs are internally protected against static charge damage during handling consistent with standard industry 


practices. 
*Exceeding these ratings could cause permanent damage. 1 Measured with respect to Vss. 
Functional operation of these devices at these conditions is not 2 Derate at 10mW/°C. 
implied—operating ranges are specified below. 
Operating Conditions CF-5XX Series C/CF-6XX Series C-6XXD Series 
Range Range Min. Typ. Max. Min. Typ.” Max. 
Vss, substrate supply OV 
Voc, gate supply: C/CF-5XXA —15.0V+5% —15.0V+5% 
C/CF-5XXB —16.0V+5% —16.0V+5% 
C/CF-5XXC -17,OV+5% —17.0V+5% 
C-6XXA _ — 10.3V -7.5V —6.5V 
C-6XXB o — -9.5V -7.5V -6.5V 
C-6XXD _ 
Characteristics- at typical operating CF-5XX/6XX Series C-5XX Series C-6XX Series C-6XXD Series 
conditions overa 0°C to +40°C range. Min. Typ.” Max. | Min. Typ. Max. | Min. Typ. Max. Min. Typ. Max. 


Keyboard input characteristics- 
Input signal levels: LogicO 


Logic 1 
Keyboard resistance 1K 
Output buffer characteristics-° 
Segment output on-resistance: at -0.5V Vout 3009 
at —1.5V Vour aa 
Digit output on-resistance at —1.5V Vour | 3009 
Digit and segment off-leakage: at Vour=—-9V 18nA 


at Vout =-27V (CF-590, CF-680 Series) 
or Vout=-30V (CF-580 Series). 


Anode and grid supply voltage through 


200K resistor: CF-580 Series —24V 
CF-590, CF-680 Series —24V 

Power (all outputs off)- 

at Voc=—16.0V, C/CF-580 Series 75mW 100mWwW 

at Voc=-16.0V, C/CF-590 Series 100mW 125mW 

at Vcc=—7.5V, C-680 Series 2O0mW 50mWwW 
3 All output buffers are open-drain to Vss. 4 At 4mA. SAt +9V. 
* Typical values are at +25°C and nominal voltages. SAt 36mA. 


FLUORESCENT DISPLAY INTERCONNECT _ LED DISPLAY INTERCONNECT 


DISPLAY 
SEGMENT G 
FLUORESCENT DISPLAY SEGMENT F 
{ a SEGMENT & 
F Gg g Gg f G7 e Ge d Gs Ge OPG3 c Gp b G, o F | RETURN @ SEGMENT 'D 


SEGMENT C 
SEGMENT 8 
SEGMENT A 
DECIMAL PT 


1413 12 1109 86 7 65 43 2 :!1 
C-XXX 


(5 16 17 18 19 20 2) 22 23 24 25 26 27 28 
Note: Digit drivers 
not required for 
C-6XXD Series. 


Be 
| 6 eee 


2 
3 
4 
5 
6 
7 
8 
9 


TO REMAINING 
LED DIGIT INPUTS 


OIGIT 7 
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NERAL C-583 C-683 
cF-583 cF-683 © 683 


8 Digit / 5 Function Basic Calculator Circuit 


FEATURES 
PIN CONFIGURATION 
® 8 digit, 7 segment display outputs. 28 LEAD DUAL IN LINE 
® Basic four arithemetic functions (+, —, x, +). 
® Percent (add-on and discount). 
® Floating negative sign. 
® Right-justified entry and result. Top View 
® C-583 and C-683: direct LED segment drive. SEGMENT D C@1 
CF-583 and CF-683: direct fluorescent display drive. SEGMENT E LJ 
C-683D: direct LED segment and digit drive. SOEs 


SEGMENT G [J 
® All other features listed on the first page of this section. 


DESCRIPTION 

The C/CF-583, C/CF-683 and C-683D circuits are basic five- 

function circuits which may be used with either eight or nine digit EXT OSC IN 
LED or fluorescent displays. They compute and display the OSC ENABLE ( 


results of calculations with numbers up to eight digits (seven for 
negative). On overflow, the keyboard is locked and all decimal 
points are lighted. In addition, an overflow symbol will appear in 
the ninth digit position for those calculators having nine digit 
displays. 


DISPLAY KEY MATRIX 


8 DIGIT DISPLAY 


8 DIGIT 
NUMBER 


OPTIONAL 9 DIGIT DISPLAY 


8 DIGIT 
SYMBOL NUMBER 


SEGMENT C 
SEGMENT B 
SEGMENT A 
DECIMAL POINT 
DIGIT 1 OVERFLOW 
DIGIT 2M.S.D. 


DIGIT 3 
DIGIT 4 
DIGIT 5 
DIGIT 6 
DIGIT 7 
DIGIT 8 
DIGIT 9L.S.D. 
Vss 


Note: Diodes used only for CF-583 and CF-683. 


DISPLAY FONT 
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C-585 C-685 


CF-585 cF-685 © 085D 


GENERAL 
INSTRUMENT 


8 Digit / 5 Function Basic Calculator Circuit 
With One-Key or Multi-Key Memory 


FEATURES 
@ 8 digit, 7 segment display outputs. PIN CONFIGURATION 
@ Basic four arithmetic functions (+, —, x, +). 28 LEAD DUAL IN LINE 
@ Percent (add-on and discount). 
® Floating negative sign. Top View 
® Right-justified entry and result. SEGMENT D Cet 
@ One-key or multi-key memory function (refer to the SEGMENT E © 

description at the beginning of this section.) SEGMENT F C 3 
® C-585 and C-685: direct LED segment drive. _ SEGMENT G 

CF-585 and CF-685: direct fluorescent display drive. = 
_ C-685D: direct LED segment and digit drive. KO 
@ All other features listed on the first page of this section. KN 

NC 

DESCRIPTION DO NOT CONNECT 


NC 

Vac 

EXT OSC IN 
OSC ENABLE C14 


The C/CF-585, C/CF-685 and C-685D circuits are basic five- 
function memory circuits which offer the user the highest degree 
of functional flexibility in implementing a memory calculator. 
The circuits include all the features of the C/CF-583, C/CF-683 
and C-683D circuits with the addition of the memory function. 


DISPLAY KEY MATRIX 


KEYS FOR MULTI-KEY MEMORY OPERATION 


8 DIGIT DISPLAY 
8 DIGIT 
NUMBER 


D2 D3 04 DS D6 D7 08 


OPTIONAL 9 DIGIT DISPLAY 


8 DIGIT 


SYMBOL NUMBER 


DISPLAY FONT 
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SEGMENT C 
SEGMENT B 
SEGMENT A 
DECIMAL POINT 
DIGIT 1 OVERFLOW 
DIGIT 2M.S.D. 
DIGIT 3 

DIGIT 4 

DIGIT 5 

DIGIT 6 

DIGIT 7 

DIGIT 8 

DIGIT 9L.S.D. 
Vss 


Note: Diodes used only for CF-585 and CF-685. 


C-589 CF-589 C-689D 


8 Digit / 9 Function Algebra Calculator Circuit 
With One-Key or Multi-Key Memory 


FEATURES 


® 8 digit, 7 segment display outputs. PIN CONFIGURATION 
@® Basic four arithmetic functions (+, —, x, +). 28 LEAD DUAL IN LINE 


@ Percent (add-on and discount). 
@ Convenience functions (x2, x, 1/x, +/-) 


® Floating negative sign. Top View 
@ Right-justified entry and result. SEGMENT D Ce) SEGMENT C 
@ One-key or multi-key memory function (refer to the SEGMENT E C SEGMENT B 
description at the beginning of this section.) acknbanie SEGMENT A 
( SEGMENT G (9 DECIMAL POINT 
@ C-589: direct LED segment drive. BIG GUS OW 
CF-589: direct fluorescent display drive. DIGIT 2MS.D. 
C-689D: direct LED segment and digit drive. DIGIT 3 
@ All other features listed on the first page of this section. DIGIT 4 
DIGIT 5 
DIGIT 6 
DESCRIPTION Bicirs 
The C/CF-589 and C-689D circuits are basic eight-function DIGIT 8 
memory circuits which offer the user the highest degree of are DIGIT 9L.S.0. 


tat aoe OSC ENABLE V 
functional flexibility in implementing a memory calculator. The = 


circuits include all the features of the C/CF-585 and C-685 
circuits with the addition of the functions x2, V/x,,1/x and +/-. 
The C/CF-589 and C-689D circuits may be operated with either 


single or dual function keys with a keyboard configuration of 
from 20 to 29 keys. 


DISPLAY KEY MATRIX 
SINGLE FUNCTION KEYS 
8 DIGIT DISPLAY 


8 DIGIT KEYS FOR MULT!I-KEY MEMORY OPERATION 
NUMBER 


OPTIONAL 9 DIGIT DISPLAY 


8 DIGIT 
SYMBOL NUMBER 


DISPLAY FONT 


2Q-Yn QOaMD® 


Note: Diodes used only for CF-589. 
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: GENERAL 
INSTRUMENT 


9 Digit / 5 Function Basic Calculator Circuit 


FEATURES 
ws 8 digit, 7 segment display outputs with ninth digit for sign or PIN CONFIGURATION 
symbol. 28 LEAD DUAL IN LINE 

® Basic four arithmetic functions (+, —, x, +). 

@ Percent (add-on and discount). 

® Floating negative sign. Top View 

® Right-justified entry and result. SEGMENT D 1 SEGMENT C 

® Results of addition or subtraction remain aligned to SEGMENT SEGMENT B 
SEGMENT F SEGMENT A 


preceding number having most decimal places. 


; ; SEGMENT G 
® C-593: direct LED segment drive. 


LOW BATTERY INPUT 
CF-593: direct fluorescent display drive. KP 


DECIMAL POINT 
DIGIT 1 OVER! LOW 


ODNONA WD O 


DIGIT 2MS.D. 
® Ail other features listed on the first page of this section. DIGIT 3 
DIGIT 4 
DIGIT 5 
DESCRIPTION - eens 
" DIGIT 7 
The C/CF-593 circuits are basic five-function circuits for use with 12 DIGIT 8 
nine digit LED or fluorescent displays. These circuits enter and EXT OSC IN Cf 13 DIGIT 9L.S.D. 
compute both positive and negative numbers to an eight digit eee ENeee Vss 


resolution. On overflow, the overflow symbol is displayed in the 
ninth digit position, the decimal point is automatically shifted 
eight positions to the left of its computed position and the 
keyboard is locked. 


DISPLAY KEY MATRIX 


9 DIGIT DISPLAY 


SIGN OR 8 DIGIT 
SYMBOL NUMBER 


Note: Diodes used only for CF-593. 
DISPLAY FONT 


[7 €or nam<0 wor 


N 
E 
G 
0 
V 
E 
R 
F 
L 
O 
WwW 
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CF-594 


9 Digit / 5 Function Basic Calculator Circuit 
With One-Key Memory 


FEATURES 


PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


ws 8 digit, 7 segment display outputs with ninth digit for sign or 
symbol. 

ws Basic four arithmetic functions (+, —, x, +). 

@ Percent (add-on and discount). 


3 : . Top View 
a Floating negative sign. Sete ee Sita 
w Right-justified entry and result. SEGMENT E BEOUEGEa 
w Results of addition or subtraction remain aligned to SEGMENT F SEGMENT A 
preceding number having most decimal places. SEGMENT G DECIMAL POINT 
m One-key memory operation, with option for two additional LOW BATTERY INPUT DIGIT 1 OVERFLOW 


DIGIT 2M.S.D. 
DIGIT 3 
DIGIT 4 
DIGIT 5 
DIGIT 6 
DIGIT 7 
DIGIT 8 
DIGIT 9 L.S.D. 


Vgs 


memory function keys (refer to the description at the On 
beginning of this section). 

mw C-594: direct LED segment drive. 
CF-594: direct fluorescent display drive. 

w All other features listed on the first page of this section. 


OMNDnaRwWD O 


—>_ — at ok 
On - Oo 


EXT OSC IN 
OSC ENABLE ( 14 


DESCRIPTION 


The C/CF-594 circuits enable a manufacturer to add a memory 
calculator to his line with the simple inclusion of one additional 
memory key in the matrix of the C/CF-593 keyboard. All other 
operations are identical to the C/CF-593. 


DISPLAY KEY MATRIX 


9 DIGIT DISPLAY OPTIONAL MEMORY KEYS 


SIGN OR 8 DIGIT 
SYMBOL NUMBER 


DISPLAY FONT 


Note: Diodes used only for CF-594. 


[~ AAP@O sor 
TT €or nam<0o ame 
7 <ornam<0 won 
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| CF-595 


9 Digit / 5 Function Basic Calculator Circuit 


With Multi-Key Memory 


FEATURES 


w 8 digit, 7 segment display outputs with ninth digit for sign or 
symbol. 

w Basic four arithmetic functions (+, —, x, +). 

@ Percent (add-on and discount). 

a Floating negative sign. 

w Right-justified entry and result. 

ws Results of addition or subtraction remain aligned to 
preceding number having most decimal places. 

a Multi-key memory operation and automatic accumulating 
memory (refer to the description at the beginning of this 
section.) 

w C-595: direct LED segment drive. 

CF-595: direct fluorescent display drive. 
# All other features listed on the first page of this section. 


DESCRIPTION 

The C/CF-595 circuits add a variety of memory options to the 
basic C/CF-593 functions. While the basic pin configuration is 
identical to the C/CF-593, two additional connections are 


provided for a selectable “memory accumulate” switch and a 
“memory in use” indicator output. 


DISPLAY 
— 9 DIGIT DISPLAY 


SIGN OR 8 DIGIT 
SYMBOL NUMBER 


DISPLAY FONT 


N P 
E—E O 
G Ss 
Oo O 
vVoev 
—E € 
R R 
FF 
i ob 
0 O 
w Ww 
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PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


Top View 


SEGMENT D 
SEGMENT E 
SEGMENT F 
SEGMENT G 

LOW BATTERY INPUT 
KP 

KO 

KN 

MEMORY INDICATOR 
NC 

ACCUMULATE ENABLE 
Vac 

OSC IN 

OSCILLATOR ENABLE [J 14 


—_ 


SEGMENT C 
SEGMENT B 
SEGMENT A 
DECIMAL POINT 
DIGIT 1 OVERFLOW 
DIGIT 2M.S.D. 
DIGIT 3 

DIGIT 4 

DIGIT 5 

DIGIT 6 

DIGIT 7 

DIGIT 8 

DIGIT 9L.S.D. 
Vss 


CONDH ER WD O 


ee ee 
On - Oo 


KEY MATRIX 


= 
Vgg ————"_ > PIN 11 


ACCUMULATE 
ENABLE SWITCH 


Note: Diodes used only for CF-595. 


C-596 CF-596 


fl 
INSTRUMENT 


9 Digit / 15 Function Scientific Calculator Circuit 


FEATURES 


a Number entry in floating point or scientific notation. 

m 9 digit output with 5 digits of the mantissa displayed, 2 digits 
for the exponent, and 2 digits for the sign of the mantissa 
and exponent. 

8 digit display and sign for numbers not requiring scientific 
notation or for the display of the 8 significant digits of a 
number that is in scientific notation. 

w Basic four arithmetic functions (+, —, x, +). 

w Transcendental functions (sin, cos, tan, sin’, cos:', tan” 
Inx and e’). 

w Convenience functions (\/x, 1/x). 

w= A separate memory register (refer to the description at the 
beginning of this section). 

a Trigonometric functions are performed in degrees or radians 
(switch selectable). 

@ 7 key to display the value of 7. 

@ Left-justified entry and result. 

w User option for single or dual function key operation. 

a C-596: direct LED segment drive. 

CF-596: direct fluorescent display drive. 
a All other features described on the first page of this section. 


DESCRIPTION 


The C/CF-596 circuits are fifteen function circuits which offer 
trigonometric and inverse trigonometric functions, natural logs, 
e’, Vx, 1/x and 7 as well as the basic four functions and memory. 


DISPLAY 


NORMAL MODE 


SIGN OR 8 DIGIT 
SYMBOL NUMBER 


SCIENTIFIC NOTATION 


SIGN OR 
SYMBOL 


SIGN OF MAGNITUDE 
EXPONENT OF 
EXPONENT 


5 DIGIT 
MANTISSA 


=ms 


DISPLAY FONT 


mac 2- 


[~ AAPw sor 
end 
“T] mooz 7 


PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


Top View 


SEGMENT D 
SEGMENT E 
SEGMENT F 
SEGMENT G 

LOW BATTERY INPUT 

KP 

KO 

KN 

KA 

KB 

RAD/DEG 

Vac 

OSC IN 

OSCILLATOR ENABLE 


_ 


SEGMENT C 
SEGMENT B 
SEGMENT A 
DECIMAL POINT 
DIGIT 1 OVERFLOW 
DIGIT 2M.S.D. 
DIGIT 3 

DIGIT 4 

DIGIT 5 

DIGIT 6 

DIGIT 7 

DIGIT 8 

DIGIT 9L.S.D. 
Vss 


ODNDnRWDND BO 


cee ee eae Gee 
a WNhM + 0 


The circuit operates in the normal 8 digit mode until the display 
capacity is exceeded at which time it converts to the scientific 
mode of operation. 


The C/CF-596 features single or dual function key operation fora 
keyboard configuration of from 19 to 35 keys. 


KEY MATRIX scenes 
TO 
SINGLE FUNCTION KEYS Boe CNT 


Too 


ine 
ros i 


CHANGE 
Es 


Ko 
D-! D-2 0-3 D-4 0-5 D-6 0-7 D-8 D-9 
DUAL FUNCTION KEYS faust st 
RADIANS ig PIN I 


D-| D-2 0-3 D-4 D-5 D-6 D-7 D-8 0-9 
Note: Diodes used only for CF-596. 
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- CF-598 


9 Digit / 18 Function Scientific Calculator Circuit 


FEATURES 

eoeaaes PIN CONFIGURATION 
= Number entry in floating point or scientific notation. 98 LEAD DUAL IN LINE 
a 9 digit output with 5 digits of the mantissa displayed, 2 digits 


for the exponent, and 2 digits for the sign of the mantissa 
and exponent. 

ws 8 digit display and sign for numbers not requiring scientific 
notation or for the display of the 8 significant digits of a 
number that is in scientific notation. 


Top View 
m= Basic four arithmetic functions (15%; +). . 7 3 ScaMENT DO Cle; SECMENTE 
® Transcendental functions (sin, cos, tan, sin’, cos, tan’, In x, SEGMENTE Cf 2 SEGMENT B 
e*, logio and 10’). SEGMENT F CI 3 SEGMENT A 
® Convenience functions (/x, 1/x, y’). SEGMENT G [] 4 DECIMAL POINT 
® A separate memory register (refer to the description at the LOW BATTERY INPUT [4 5 DIGIT 1 OVERFLOW 
beginning of this section). a : ee ; Mp: 
8 Trigonometric functions are performed in degrees or radians KN C18 Riera 
(switch selectable). KB 9 DIGIT 5 
® 7 key to display the value of 7. KA C 10 DIGIT 6 
® Left-justified entry and result. RAD/DEG Cj 11 DIGIT 7 
® User option for single or dual function key operation. Pos, s ae ; ss 
@ C-598: direct LED segment drive. BSSiLUATOR ERAGLE“EL44 


Vss 


CF-598: direct fluorescent display drive. 
All other features described on the first page of this section. 


DESCRIPTION 


The C/CF-598 circuits are eighteen function circuits whose oper- 
ations are identical to the C/CF-596 with the addition of three 
functions: logw, 10° and Y*. Single or dual function key operation 
is optional with keyboard configurations of from 21 to 38 keys. 


pisree KEY MATRIX ee aaseg 
SINGLE FUNCTION KEYS RADIANS 


ge LO 
"PIN II 


NORMAL MODE 


sin cos 


OQ 
(e) 
WY 
il 


7 


Ka 


SIGN OR 8 DIGIT 
SYMBOL NUMBER 


ri 
ca 
tit 


Kg 


fae CHANGE a 
NOTATION cm 


he 
Boe 
Sore 
Lo 
ni 
Tee 


Kp 


Td 


Ky 


SCIENTIFIC NOTATION 


SIGN OR SIGN OF MAGNITUDE 


Ko 
SYMBOL 5 DIGIT EXPONENT OF 
MANTISSA EXPONENT 
le D-I D-2 D-3 D-4 ae D-6 . 7 D-8 af 
DUAL FUNCTION KEYS ies ae 
RADIANS’ ig PIN " 


zms 


DISPLAY FONT 


ZO-wn oam2 
mnc 2- 


a 44D>0 sor 


D-| ‘D-2 D-3 D-4 D-5 D-6 D-7 0-8 D-9 
Note: Diodes used only for CF-598. 
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CF-599 


GENERAL 
INSTRUMENT 


9 Digit / 21 Function Scientific Calculator Circuit 


FEATURES 


® Number entry in floating point or scientific notation. 

a 9 digit output with 5 digits of the mantissa displayed, 2 digits 
for the exponent, and 2 digits for the sign of the mantissa 
and exponent. 

a 8 digit display and sign for numbers not requiring scientific 
notation, or for the display of the 8 significant digits of a 
number that is in scientific notation. 

@ Basic four arithmetic functions (+, —, x, +). 

w Percent (add-on and discount) 

a Transcendental functions (sin, cos, tan, sin’, cos”, tan”’, In x, 
e*, logio and 10°). 

# Convenience functions (./x, '/x, y*, x’, +/-). 

ws A separate memory function (refer to the description at the 
beginning of this section). 

= Two levels of parentheses. 

= Trigonometric functions are performed in degrees or radians 

(switch selectable). 

mw key to display the value of zr. 

Left-justified entry and result. 

User option for single or dual function key operation. 

C-599: direct LED segment drive. 

CF-599: direct fluorescent display drive. 

# All other features described on the first page of this section. 


DESCRIPTION 


The C/CF-599 circuits are twenty-one function circuits whose 


DISPLAY 


NORMAL MODE 


SIGN OR 8 DIGIT 
SYMBOL NUMBER 


SCIENTIFIC NOTATION 


SIGN OR SIGN OF MAGNITUDE 
SYMBOL 5 OIGIT EXPONENT 
MANTISSA 


OF 
EXPONENT 


M 
E 
M 


Z2O-N QaM2 
MAC @2- 


[~ Aapw sor 


PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


Top View 


SEGMENT C 
SEGMENT B 
SEGMENT A 
DECIMAL POINT 
DIGIT 1 OVERFLOW 
DIGIT 2M.S.D. 
DIGIT 3 

DIGIT 4 

DIGIT 5 

DIGIT 6 

DIGIT 7 

DIGIT 8 

DIGIT 9L.S.D. 
Vss 


SEGMENT D 
SEGMENT E 
SEGMENT F 
SEGMENT G 

LOW BATTERY INPUT 
KP 

KO 

KN 

KB 

KA 

RAD/DEG 

Vac, 

OSC IN 

OSCILLATOR ENABLE 


= 


OONDNER OD O 


~ se 
WN + 0 


operations are identical to the C/CF-598 with the addition of two 
levels of parentheses and three functions: x’,% and +/-. Single or 
dual function key operation is optional with keyboard configura- 
tions of from 24 to 41 keys. 


KEY MATRIX saan 
SINGLE FUNCTION KEYS $8 ——— — on 11 


RADIANS 


GE n 
1ON 2 


HAN 
jOTAT! 


ee 


a 
v 


DEGREES 


_ TO 
SS — PIN 11 
RADIANS 


Kp 


aaa 
MEX ac y 
D-| D-2 D-3 D-4 D-5 D-6 
Note: Diodes used only for CF-599. 
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C-700 SERIES 


Printer Calculator Circuits 


FEATURES 


ree STANDARD CHARACTER LAYOUT 
m 12 digit printout plus 2 full right-hand SEIKO MODEL 310 PRINTER 
justified audit trail columns. 


m 5 functions (+,-,x,+,%). 
m@ Chain calculations. 


The C-700 Series is a growing family of circuits for the printing 
calculator manufacturer which provide the capability for a broad- 
based, multi-feature business calculator product offering. The 
C-700 Series currently includes three different calculator circuits 
(the C-717, C-717X and C-718) and a printer-display interface 
circuit (C-719), each described on the following pages of this 
section. 


0 
+ |M 


w Rounding options (truncate, 5/4 round off, PRINT COLUMNS 
1/0 round up). 6 4 2 1 
w Repeat add/subtract. | 0 | =|[c| 
m@ Automatic underflow and reverse underflow. 
m Non-add (#)/date key. 
™ Memory non-zero indicators. =|] 
w Overflow indication. 
m Automatic constant in multiply or divide. xR 
a Right-justified entries and results. BZ 
m Leading zero suppression. : 
m 2 key rollover operation. CHARACTER 
w= Internal oscillator and power-on clear. 6 | 6 | PESIIONS 
DESCRIPTION 8, 
9 


SYSTEM INTERCONNECT DIAGRAM 


Vop © 
PRINT END 
SEIKO 
MODEL 310 
PRINTER 
ACC. h) €y oo. 
KEYBOARD K1-K5 LED LED 


MATRIX 


MAGNET DRIVERS 


C-717/C-717X/C-718 COLUMNS 1,2,4-16 


D1-D6(C718) 


COLUMN & DISPLAY DATA 


DISPLAY DATA 1,2,4,8* 


Vss Vpp DISPLAY LOAD* Se 
$S1-SS3 C-719 ss 
© Vop 


OSCILLATOR emiensecras 
12 DIGIT LED OR 
| FLUORESCENT DISPLAY 


“DISPLAY SIGNALS ONLY ON C-717X AND C-718. 


SWITCH/ 
DIODE/ 

JUMPER 

MATRIX 


Vpp © 
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GENERAL 
INSTAUMENT 


C-717X 


12 Digit / 5 Function Printing Calculator Circuits 
with Accumulating and Grand Total Memories 


FEATURES 
ws Automatic accumulating memory (stores group totals). 
w Grand total memory. 
w Selectable memory modes: normal (last entry printed); 
(running subtotal printed); GT (grand total 
memory access). 
m Fully arithmetic operation. 
m Decimal select modes: full floating; fixed point (0-6); 
add mode (with hardwired secondary add mode option for 
quantity < dollars). 
m Multistage keyboard buffer stores up to 12 keyed entries 
to allow uninterrupted operation during print. 
@ C-717: printer only. 
C-717X: printer and display (with the C-719 interface chip). 
m All other features listed on the General Information page. 
DESCRIPTION 


The C-717 and C-717X are each single MOS/LSI circuits 
containing all the logic functions required to implement a five- 
function, two memory general purpose business calculator using 
a Seiko Model 310 impact printer. While both the C-717 and C- 
717X are pin-compatible with each other, the C-717X additionally 
provides signals for use with the C-719 printer-display interface 
chip. This allows the addition of a 12-digit fluorescent or LED 
display to the basic printer. 


KEYBOARD SWITCH MATRIX 


PIN CONFIGURATION 


40 LEAD DUAL IN LINE 


Top View 


Vss(GND) G@1 


V pp (-15V) 
Column 5 
Column 4 
Column 2 
Column 1 

Timing 
Print End 
Motor 
Color 
Column 16 
D1 

D2 

N.C. 

D3 

D4 

D5 


K2 

K1 

Column 6 

Column 7/Display Data 1* 
Column 8/Display Data 4” 
Column 9/Display Data 8° 
Column 10/Display Data 2* 
Column 11 

Oscillator/Clock Input 

GT LED 

Acc. LED 

Column 12 

Column 13 

Column 14 

Column 15 

Display Load (N.C. on C-717) 
Display Sync (N.C. on C-717) 
SS2 

SSs3 

Ss1 


On the C-717X, pins 34-37 are multifunction pins 

with both display data and column 7—10 data. On the 
C-717, these pins are single-function containing only 
column 7—10 data. 


STATIC SWITCH MATRIX 


ror [oe [oe [oe [os 
i ae 
[| | 
sso [he | ett [ac] or 


DECIMAL SELECT CHART 


The decimal select switch is a four-pole switch with en- 


coded outputs during D1 thru D4 strobe periods. In the 
chart below, a ‘1’ denotes a switch closure. 


DECIMAL 
POSITION 
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GENERAL 
INSTRUMENT 


12 Digit / 5 Function Printing Calculator Circuit 


& Se 
= 


PE e TROPA A FOSS TREE’ oO re Be AS 
:ELIMINARY INFORMA 


with Accumulator, Item Counter and Independent Memory 


FEATURES 


Switch-selectable automatic accumulation. 
Three digit item counter. 
Four-key independent memory. 
Arithmetic operation in add/subtract sequences, 
algebraic in multiply/divide (business logic). 
m Decimal select modes: full floating; fixed point 
(0-6, excluding 5); add mode (automatic decimal 2 
in + and -, unit/price mode in x, price/unit mode 
in+.). 
w Non-coded decimal select switch input. 
Separate clear-all key. 
w Full floating accuracy on intermediate results in 
chain operation. 
= Multistage keyboard buffer stores up to 6 keyed entries 
to allow uninterrupted operation during print. 
m Display capability (with the C-719 interface chip). 
mw All other features listed on the General Information page. 


DESCRIPTION 


The C-718 is a single MOS/LSI circuit containing all the logic 
functions required to implement a five-function general purpose 
business calculator with an accumulator, item counter and four- 
key independent memory. The C-718 has been designed to 
operate with a Seiko Model 310 16 column impact printer. When 
used with the C-719 printer-display interface, the C-718 also 
provides a 12-digit display capability, using either fluorescent or 
LED displays. 


KEYBOARD SWITCH MATRIX 
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PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


Top View 


~~ 


Vss(GND) 
K3 
K4 
K5 
Voo (-15V) 
Column 5 
Column 4 
Column 2 
Column 1 
Timing 
Print End 
Motor 
Color 
Column 16 
D1 
D2 
D6 
D3 
D4 

D5 [ 


K2 

K1 

Column 6 

Column 7/Display Data 1 
Column 8/Display Data 4 
Column 9/Display Data 8 
Column 10/Display Data 2 
Column 11 
Oscillator/Clock Input 
SS3 

LED1 

Column 12 

Column 13 

Column 14 

Column 15 

Display Load 

Display Sync 

S$S2 

LED2 

SSs1 


CaONAnaAwD ® 


pa Se Se Ce Se ee Cs Sr CG 
OMAN DON & W DY + © 


rR 
Oo 


STATIC SWITCH MATRIX 


[or] oe [oa [oe [os [oe 
ar [| SR] 
- 


TEST 


Oc 
se[+trlot le 


NOTE: 
Positions SS2-D1,D2,D3 and SS3-D1 thru D6 are the decimal 
select positions. 
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& RB Rome Sun B cis 


GENERAL 
INSTRUMENT 


Printer-Display Interface Circuit 


FEATURES 

m Adds display capablity to C-717X and C-718 printer chips. 

@ Full 12 digit display capability. PIN CONFIGURATION 
@ Drives LED or fluorescent displays. 28 LEAD DUAL IN LINE 


DESCRIPTION 


Vss(GND) 
The C-719 is a single MOS/LSI circuit designed to add a 12 digit Display Sync 
display capability to General Instrument’s C-717X and C-718 Diaplay Data’ 
printer calculator circuits. Data from the printer calculator chips eed 5 
is transferred to the C-719 interface chip serially and re- Display Data 8 
formulated to drive seven segment multiplexed common cathode Segment DP 
displays. Segment A 
The segment and digit outputs of the C-719 are open-drain and gestae 
have a breakdown voltage of —30 Volts to enable the driving of Sapient 
fluorescent displays with a minimum of interface components. Segment E 
LED displays may also be driven by the C-719 with direct drive of Segment F 
the segments and the addition of digit-drive buffers. Segment G 


In the display, leading zeroes are suppressed and entries and 
results are right-justified. 


SYSTEM DIAGRAM 


FLUORESCENT DISPLAY 


23 4 5 6 7 


15 


C-719 


a . cr N wv foe) 
: 4a 
Ss alalaolala 
> >~f>p rll > 
< <tialfalaj<c 
wd ae | a | awd P| 
Qa a a a a oa 
05 BIG) S| G) @ 
OQ 
2197919) 9) cotumn 7 
| COLUMN 8 
TO 
COLUMN 9 PRINTER 
COLUMN-10 


1 24 37 34 36 35 


C-717X OR C-718 


are not shown. 


= 


OMDNOanA WD O 


Top View 


DIGITS SEGMENTS 
8 9 10 11 12 G F E DB C B A OP 


Note: Discrete pull-up 
resistors for the display 


Voo (-15V) 
Display Load 
Digit 1 
Digit 2 
Digit 3 
Digit 4 
Digit 5 
Digit 6 
Digit 7 
Digit 8 
Digit 9 
Digit 10 
Digit 11 
Digit 12 
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GENERAL 


INSTRUMENT 


AY-5-1200A 
AY-5-1202A 
AY-5-1203A 
AY-5-1204A 
AY-5-1224A 
CK3000 
CK3100 
CK3200 
CK3300 
CK3400 


AY-5-1200A AY-5-1203A 
AY-5-1202A AY-5-1204A 


GENERAL 
INSTRUMENT 


4 Digit Clock Circuits 


FEATURES PIN CONFIGURATION 


24 LEAD DUAL IN LINE 


AY-5-1200A/AY-5-1202A/AY-5-1204A 
Top View 


@ Hours and minutes display. 

@ 12/24 hour operation. 

# 50/60Hz operation. 

w High voltage direct Fluorescent drive Outputs. 


a Flashing seconds output (option). 
# BCD output (option). 
8 Leading Zero Blanking (option). 
® Power-On Reset to zero. 
(Counting does not start until time is set.) 
w Options: 


Digit Outputs 


DP Output 
12/24 Hour Select (J 
inhibit 


J Clock Input 

LJ Multiplex Clock 
J] Set Hours 

/} Set Minutes 

[} Strobe Output 


Segment Outputs 


50/60Hz Select [ 
Invert Segments © 


24 LEAD DUAL IN LINE 
AY-5-1203A Top View 


[J] Clock input 

J Multiplex Clock 
[J Set Hours 

_) Set Minutes 

[J Strobe Output 


Digit Outputs 


DESCRIPTION 


The AY-5-1200A Series are P-Channel MOS integrated circuits, 
containing all the logic necessary to make a 4 digit, 12 or 24 hour 
clock, operating from 50 or 60Hz. High voltage output stages 
capable of driving fluorescent displays are provided. 


BCD Outputs 


BLOCK DIAGRAM 


50/60 Hz SET SET 12/24 HOUR MULTIPLEX 
SELECT HOURS MINUTES RESET SELECT CLOCK 


MX1-MX4 

DIGIT 

OUTPUTS 

STROBE 

OUTPUT 
50/60 Hz aed 


INH 
LOGIC DECODE ees 


SEGMENT 
OUTPUTS 


DP/COLON 
OUTPUT 


INVERT 
SEGMENTS 


* Not included in the AY-5-1203A. 
Four BCD outputs are provided in place 
of the seven segment outputs. 
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AY-5-1200A = AY-5-1202A = AY-5-1203A = AY-5-1204A [=} 
PIN FUNCTIONS 


Segment Outputs In 7 segment mode the digits are multiplexed on to these pins. These 
A—F | outputs are at logic ‘0’ to display (positive) and will drive Fluorescent 
displays directly. ln BCD mode outputs A to D are used, the code for 0 being 0000. 


This is a high voltage output intended to drive a decimal point or 
colon. It is enabled during the MX3 time slot and can flash once per second if required. 


Decima! Point Output 


Multiplex Outputs 
MX1—MX4 


These outputs select the display digits sequentially, they will drive 

Fluorescent displays directly. Five multiplex time slots are gener- 

ated the fifth one being blank. Minutes are output in MX1 time, 10’s of hours in MX4 time. 
When taken to logic ‘0’ the clock is reset to zero. 


When taken to logic ‘0’ the minutes counter is advanced at the rate of 
2 min. per sec. and the hours counter at the rate of 2 hours per minute. 


When taken to logic ‘0’ the hours counter is advanced at the rate of 2 
hours per second. 


When taken to logic ‘0’, 60Hz operation will result. 

When taken to logic ‘0’, 12 hour operation will result. 

When taken to logic ‘0’ the segment outputs will be inverted. 

An external capacitor is used to select the multiplex frequency. If 
required the pin can be driven by an external oscillator. 

The master clock is input to the pin. Hysteresis is provided so that 
the input waveform is not critical. 


Reset Input 
Set Minutes Input 


Set Hours Input 


50/60Hz Select Input 
12/24 Hours Select Input 
Invert Segments Input 
Multiplex Oscillator 


50/60Hz Input 


Vss Positive Supply. 
Vop Negative Supply. 
Inhibit Input When taken to logic ‘0’ all outputs are switched OFF. 


Strobe Output This is a short pulse occurring during the middle of each multiplex period. 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


Voltage on any pin with respect to Vss pin *Exceeding these ratings could cause perma- 
(except Segment and Multiplex outputs)... .........2.. +0.3 to -35V nent damage. Functional operation of these 
Operating Temperature Range. ...............24.. 0°C to +70°C devices at these conditions is not implied 
Storage Temperature Range...............8. -65°C to +150°C —operating ranges are specified below. 
Power Dissipation at+70°C Ambient—Total ............. 500mW 

PErOUlIDUl: gc eee a! ke BA EEN ale ce es Se GE Se Se 50mW 


Standard Conditions (unless otherwise noted) 
Vss = OV 

Vpp = -17V +10% 

Operating Temperature (Ta) = 0°C to +70°C 


Characteristic Conditions 

Clock input frequency 

Clock input logic ‘0’ Note 1 

Clock input logic ‘1’ 

Multiplex clock frequency Note 2 

Control inputs logic ‘0’ 

Control inputs, current logic ‘0’ Note 3 

Control inputs logic ‘1’ 

Segment Outputs 

ON current Vout = —2V 

OFF leakage Vour = —25V 
Vour = —35V 

Multiplex Outputs 

ON current Vour = —2V 

OFF leakage Vour = —25V 
Vout = —35V 


Supply Current 


**Typical values are at +25°C and nominal voltages. 
NOTES: 
1. The clock input pin may be taken positive with respect to Vss provided that the current is limited to 100yuA. The input will 
behave like a forward biased silicon diode in this condition. 
2. The frequency is determined by an external capacitor. 
3. These inputs have a 170Kohm pull up resistor to Vpp. 
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GENERAL 


AY-5-1224A 


INSTRUMENT 


4 Digit Clock Circuit 


FEATURES 
PIN CONFIGURATION 

® 12/24 hour operation. 
® Leading zero blanking in 12 hour mode. 16 LEAD DUAL IN LINE 
@ 50 or 60 Hz clock input. 
® Hours and minutes display (4 digits). 
= 7 segment outputs direct LED drive or TTL compatible BCD mae ee 
a earch control for seg ment outputs. Seg A Out/2° Out/Set Hrs In | | @1 Seg B Out/21 Out/Set Minutes Input 
a Interdigit blanking for gas discharge displays. Seg C Out/2? Out/Reset Input 
@ On chip multiplex oscillator. Seg D Out/2° Out/Complement Input 
7 Single 15V supply. Seg E Out/12 or 24 Hr Select 
= Power-On Reset to zero. (Counting does not start until time . Seg F Out/50 or 60Hz Select 

is set.) Strobe Output [7] Seg G Out/BCD or 7 Seg Select 
DESCRIPTION . MX 4 Output (Tens Hours) (| MX1 Output (Units Minutes) 


MX 3 Output (Units Hours) (_] MX2 Output (Tens Minutes) 


The AY-5-1224A is aP channel MOS integrated circuit containing 
all the logic necessary to make a 4 digit, 12 or 24 hour clock 
operating from a 50 or 60Hz input. It has multiplexed BCD or 7- 
segment outputs and will drive LED, Fluorescent and Gas dis- 
charge displays with the minimum of interfacing. 


BLOCK DIAGRAM 


MULTIPLEX 
OSCILLATOR 


MX 1-MX4 
OUTPUTS 
DIVIDER HOURS/MINS 
LOGIC 
STROBE 
OUTPUT 


50/60 Hz 
SELECT 


INPUT/OUTPUT 
DECODE LOGIC 


MULTIFUNCTION PINS 


SEG. A OUT/ SEG. B/ SEG. C/ SEG. D/ SEG. E/ SEG. F SEG. G/ 


2° OUT/ 2' OUT/ 2? OUT/ 2° OUT/ 12-24 HOUR 50/60Hz — BCD-7 SEG. 
SET HRS IN SET MINS IN RESET COMPLEMENT SELECT SELECT SELECT 
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AY-5-1224A [=] 
PIN FUNCTIONS 


Pins 1 and 11 to 16 are multifunction. During multiplex times 1 to 4 they function as data 
outputs, either 7 segment code or BCD according to the display mode selected. During 
multiplex time 5 (Strobe) they function as inputs. 


Segment Outputs A-G (Pins 1 and 11 to 16) 

In 7 segment mode the digits are multiplexed out on to these pins. Normally the outputs 
are at logic ‘0’ (positive to display). Inter-digit blanking for “% the digit time is 
incorporated for gas discharge displays. 


BCD Outputs 2°—23 (Pins 1, 16, 15, 14) 


In BCD mode the digits are multiplexed on to these pins in BCD code. Normally the 
outputs are at logic ‘0’ (positive), i.e. code 0=0000. 


Multiplex Outputs 1-4 (Pins 10, 9, 8, 7) 

These pins are successively switched to logic ‘0’ to select appropriate digit display. A 
fifth multiplex time (Strobe) is used to enable the control inputs. These outputs have 
interdigit blanking. The multiplex rate is 1/20th the multiplex clock frequency. 


Strobe Output (Pin 6) 

This pin is used to enable the control input keyboard, it goes to logic ‘0’ to enable. 
Set Hours Input (Pin 1) 

When taken to logic ‘0’ during strobe time this input causes the hours counter to 
advance at the rate of 1 hour per second. 

Set Min Input (Pin 16) 

When taken to logic ‘0’ during strobe time this input causes the minutes counter to 


advance at the rate of 1 minute per second and the hours counter to advance at the rate 
of 1 hour per minute. 


Reset Input (Pin 15) 
When taken to logic ‘0’ during strobe time this input causes the clock to reset to zero. 


Complement Input (Pin 14) 

When left open the segments and BCD outputs will have normal polarity. When 
connected to Strobe output via a diode the 7 segment and BCD output will be inverted. 
12/24 Hour Select (Pin 13) 

When left open the clock will run in the 12 hour mode, when connected to strobe via a 
diode 24 hour operation will result. 

50/60Hz Select (Pin 12) 

When left open a 50Hz clock will be accepted. When connected to strobe via a diode 60 
Hz operation will result. 

BCD/7 Segment Select (Pin 11) 


When left open 7 segment outputs will be provided, when connected to strobe via a 
diode BCD outputs will be provided. 


50/60Hz Input (Pin 4) 


The master clock (50 or 60HZ) is input to this pin. Hysteresis is provided on the input so 
that the input wave form is not critical. 


Multiplex Oscillator (Pin 3) 

An external capacitor is used to set the multiplex frequency.|f required this input can be 
driven by an external oscillator. 

Vss (Pin 2) 

Positive supply line nominally OV. 

Vac (Pin 5) 

Negative supply line nominally -15V. 

Power-On Reset 


At power-on the chip is reset to zero. Counters will not start until Set Hours or Set 
Minutes has been activated. 
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[a] AY-5-1224A 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pin with respecttoVss. ........ +0.3 to -20V “Exceeding these ratings could cause 
Operating Temperature Range ....... hide ae a % 0° to +70°C permanet damage. Functional operation of 
Storage Temperature Range. .......... —65°C to +150°C this device at these conditions is not 
Power Dissipation at 70°C Ambient—Total. ........ 500mW implied—operating ranges are specified 
POPOUIDULS. % oes: wok) Sie ek ae Be we ee Oe . . . 50mW below. 


Standard Conditions (unless otherwise noted) 


Vss = OV 
Voc = —12 to —18V 
Operating Temperature (Ta) = 0°C to +70°C 


a 


Clock input frequency 


Clock input logic ‘0’ Note 1 
Clock input logic ‘1’ — 
Multiplex Clock Frequency Note 2 
Interdigit Blanking at 6.67 KHz 
Not 
Control inputs logic ‘0’ a 2 
Control inputs logic ‘1’ — 
Outputs Logic ‘0’ ‘eae Fa 
UT ™ 
Outputs Logic ‘1’ (Leakage) Vout = —18V 
Supply Current Voc = -15V 


**Typical values are at +25°C and nominal voltages. 


NOTES: 

1. The clock input pin may be taken position with respect to Vss Rremeen that the current is limited to 100uA. The input will 
behave like a forward biased silicon diode in this condition. 

2. The frequency is determined by an external capacitor. 

3. At 6.67KHz multiplex frequency the digit ON time is 450uS and the OFF time is 1504S. 


TIMING DIAGRAMS | AY-5-1224A WITH 0.3” LED DISPLAY 


MULTIPLEX 
CLOCK 


MX 1 


AY-5-1224A 


STROBE 


ERININININ 


“‘NIW L3S 


SYNOH 13S 
YNOH be / Zt 
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GENERAL 


CK3100 


CK3000 


INSTRUMENT 


4 Digit Alarm Clock Circuit 


PIN CONFIGURATION 
40 LEAD DUAL IN LINE 
CK3000 


FEATURES 


@ 12 Hour clock, 24 Hour alarm setting 
@ AM/PM indication 
@ 50 or 60 Hz operation 
m Snooze (Sleep-over) alarm 
w Direct display driving 
CK3000- Plasma 
CK3100- LED 


Top View 


VN N/C (do not connect) 
50/60 Hz Control Seg. Out. a, Digit 1 
Alarm/Tone Cancel Seg. Out. b, Digit 1 
Alarm Tone Output Seg. Out. g, Digit 1 
Set Internal Frequency Seg. Out. c, Digit 1 
Set Time Enable Seg. Out. d, Digit 1 
Set Alarm Enable Seg. Out. e, Digit 1 
Increment Min. Enable Seg. Out. f, Digit 1 
® No display interface components Increment Hr. Enable Seg. Out. a, Digit 2 
® Seconds flashing colons 50/61 Hz Input Seg. Out. b, Digit 2 
@ Alarm, set, and snooze indication Ve Seg. Gut gr Digit’ 
= Power interrupt indication Seg. Current Control Seg. Out. c, Digh2 
: V.S.O Control Seg. Out. d, Digit 2 
= Low current consumption AM/PM Ind Seg. Out. Seg. Out. e, Digit 2 
# Alarm output tone - direct drive with magnetic speakers 


Seg. Out. b, Digit 4 Seg. Out. f, Digit 2 
a Wake output for appliance switching'(CK3100) Seg. Out. c, Digit 4 Colon/Clock 
Seg. Out. a, Digit 3 C Colon/Alarm 
Seg. Out. f, Digit 3 Seg. Out. b, Digit 3 
Seg. Out. g, Digit 3 C Seg. Out. c, Digit 3 
Seg. Out. e, Digit 3 F Seg. Out. d, Digit 3 


omOnN oOo a WwW —Y 
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DESCRIPTION 


The CK3000 and CK3100 are N-Channel MOS integrated cir- 
cuits, containing all the logic necessary to produce low cost 4 
digit alarm clocks operating from 50 or 60 Hz line frequencies. 
The output stages of these circuits have been designed spec- 
ifically to directly drive the cathodes of Plasma displays 
(CK3000 ) or the cathodes of large digit common anodeL.E.D.’s 
(CK3100) with no interface electronic components whatsoever. 


These integrated circuits also contain all the logic needed for 
contact noise elimination and line frequency noise rejection 
reducing further support components. 


nN 
i=) 


40 LEAD DUAL IN LINE 


CK3100 Top View 


Wake Output 

Seg. Out. a, Digit 1 
Seg. Out. b, Digit 1 
Seg. Out. g, Digit 1 
Seg. Out. c, Digit 1 
Seg. Out. d, Digit 1 
Seg. Out. e, Digit 1 
Seg. Out. f, Digit 1 
Seg. Out. a, Digit 2 


3.33. Min. Out. 

50/60 Hz Control 
Alarm/Tone Cancel 
Alarm Tone Output 
Set Internal Frequency 
Set Time Enable 

Set Alarm Enable 
Increment Min. Enable 
Increment Hr. Enable Seg. Out. b, Digit 2 
50/60 Hz input Seg. Out. g, Digit 2 

Vp Seg. Out. c, Digit 2 

Seg. Out. Blanking Seg. Out. d, Digit 2 
AM/PM Ind Seg. Out. Seg. Out. e, Digit 2 
Seg. Out. b, Digit 4 Seg. Out. f, Digit 2 


Seg. Out. c, Digit 4 
Seg. Out. a, Digit 3 
Seg. Out. f, Digit 3 
Seg. Out. g, Digit 3 
Seg. Out. e, Digit 3 


Colon/Clock 
Colon/Alarm 
Seg. Out. b, Digit 3 
Seg. Out. c, Digit 3 
Seg. Out. d, Digit 3 


BLOCK DIAGRAM 


50/60 NOISE 
IN ELIMINATOR PIVIDER 


3 1/3 MIN OUT 
CK3100 ONLY 


INCR TIME 
CONTROL } | MINUTES 


50/60 CONTROL 


BRIGHTNESS 


DISPLAY SELECT LOGIC 
AND ALARM COMPARATOR 


Q-OOr MOZCOBMo 
e2samgonomga ame ~ 
yam<e-DO ACVACO 


= les 


CONTROL 


z ALARM 


MINUTES 


OSCILLATOR 
GENERATOR 


WAKE OUT 
{CK3100 ONLY) 


ALARM/TONE 
CANCEL. 


ALARM/TONE 
OUTPUT 
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CK3000 = CK3100 | 
FUNCTIONAL DESCRIPTION 


The block diagram shows diagramatically the various logical 
function blocks that make up the CK3000 and CK3100 _inte- 
‘grated circuits. The various units have the following functions. 

Oscillator 

The oscillator provides two basic functions in the integrated 
circuit. 


1. Provides a suitable frequency in the audio range for 
modulating an external transducer at and during the alarm time 
(nominally 1 KHz). 
2. Provides a strobe frequency for strobing the 50 or 60 Hz line 
frequency into a ‘D’ type flip flop to statistically eliminate line 
noise (nominally 250 Hz). 
, Debounce Logic 

~ The logic here is used to eliminate contact noise closure on any 
input line and this is achieved using one second digital one shots 
in combination with 250 Hz strobe pulses. e.g. with the set-time or 
alarm enable inputs at logic zero the increment inputs are looking 
for one contact closure in each one second period. Any further 
closures are ignored. However if any increment pin is at logic 
zero and the set alarm set time switch is open and closed multiple 
counting will result. This logic also directs increment signals to 
the appropriate counters. 


‘Divider 

The divider counts down the line frequency counts to one per 
second depending on the 50/60 Hz control. 

Snooze Control 

This logic stores the information that an alarm compare has been 
reached, and initiates a 5 minute counter, which then runs 
continuously until such time that on an exact multiple of five 
minutes if the alarm/tone control switch is at zero, it will then stop 


and reset the alarm compare store. During the 5 minutes the 


alarm tone is made active for 1 minute in each five, producing a1 
Hz modulated 1 KHz tone. If when the alarm tone is active the 
alarm tone cancel is taken to logical zero the tone will cease until! 
the next five minute period. 


50/60Hz Control 
For 50 Hz operation - Connect to Vp or leave open circuit 
For 60 Hz operation - Connect to Vn 


Alarm/Tone Cancel - Tone Output 

For normal operation the alarm cancel input is left open circuit. 
‘Under this condition any coincidence between the time and 
alarm store will cause the alarm tone to output on alarm tone 
pin. This tone will remain present for one minute unless can- 
celled by momentarily connecting alarm cancel to a logical ‘0’. 
This tone will re-occur five minutes (and subsequent multiples of 
5 minutes) after the original alarm time for a duration of one 
minute unless cancelled by momentary connection of tone can- 
cel to a logic ‘0’, thus providing a snooze facility. 


To completely cancel the alarm sequence, the coincidence of the 
alarm cancel pin being at a logical 0 and the start of the next alarm 
tone period is required. Immediately after this occurrence the 
alarm cancel input may be open circuited and the alarm will be re- 
enabled for the following day. 

Alternatively if either the set time or set alarm inputs are con- 
nected momentarily to a logical ‘0’ after the first minute of alarm, 
the alarm logic will be re-triggered for the next day. 

The alarm tone is anominal 1 KHz square wave chopped by a1 Hz 
square wave. 


Frequency Set 
Anexternal resistor to Vp and external capacitor to Vn are used to 


control the frequency of the oscillator. These values should be 
selected to ensure appropriate 4 KHz oscillation. 
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Vv i 
 Fig.1 
RS Typical Values for 4KHz: 
a BOOK for Vp = 15V 


C = 2200pF 
C 3 


qy 


Figure 3 shows frequency vs. capacitance and resistance for 
nominal supply voltage. 


Figure 4 gives a guide to component values for different Vp 
values. 


With the oscillator set to 4KHz, the alarm tone output will be 
1KHz, and the internal antibounce logic is strobed at 250 Hz. | 


Setting Up Procedure (Pins 6 thru 9) 

In the normal clock running condition pins 6 thru 9 should be 
open circuit or at a logical ‘1’. 

Toenter set mode either set time or set alarm should be pulled to 
logical ‘0’. Under this condition the increment minutes and incre- 
ment hours inputs are enabled and when either is pulled to a 
logical ‘0’ then the corresponding hours and minutes will incre- 
ment at a 1 Hz rate. All minutes to hours carries are suppressed 
while time is being set. 


When set alarm is at a logical ‘0’ the contents of the alarm store 
are displayed. 


When set time/increment minutes occurs, the clock is stopped 
and remains stopped with the seconds reset until set time is open 
circuited or returned to a logical ‘1’. This enables the clock to be 
easily synchronized to an independent time source. No other 
setting conditions interrupt the seconds. 


50/60Hz Input 
This input accepts a line frequency signal at either 50 or 60 Hz. 
and is subsequently used as the basic count time base. 


Segments Output Control (Brightness) - CK3000 

All output stages consist of a three device cascade configuration 
of which one device controls the output voltage current charac- 
teristics. (See Fig. 7.) From the characteristics it will be seen that 
a wide range of operating conditions are possible, allowing 
operation in either the resistive region (V proportional tol) or the 
constant current region. (I independent of V). Note that during. 
device operation 24 of the 26 available segments can be on 
simultaneously, so in setting the device operating point it is 
important that each output stage does not exceed (on an average 
basis) one twenty fourth of the peak allowable package dissipa- 
tion, i.e. approximately 20 mW per output. 


It is also important that the display V-I load characteristic does 
not interrupt the avalanche region of the output device charac- 
teristic or off segment glow will be observed or in the limit device 
malfunction or damage can occur. 


The output stages and control brightness were designed to be 
used with half line cycle anode voltage and a corresponding half 
cycle control of brightness to ensure the display is: (a) Off during 
segment data changes, and (b) To allowcurrent to turn off and on 
in display gradually. Which will result in almost a total absence 
of R.F.I. 


Segments Output Control (Blanking) - CK3100 

Due to the high current handling capabilities of the output stages 
of this I.C., itis not possible to control the output V.!. characteris- 
tic by using a second series device. To regulate the display to the 
required brightness several options are possible externally and 
the following internally. The segment output control can turn off 
the display at any time by taking this input to a logical ‘0’. It is 
possible therefore to use half or full wave rectified signal on this 
display anode and prematurely shut the display down in each line 
cycle to control the conduction angle hence, average light out- 
put, using this control pin in phase relationship to the anode wave 
form. 


Stand Off Voltage (VSO) — CK3000 

The voltage on this pin influences the voltage current charac- 
teristics of the segment drives, its prime purpose is to enable the 
segment outputs to withstand more than 30 volts. Any voltage 
from 5 volts to Vp will ensure that 45 volts can be withstood 
through a plasma tube off-segment. For ease of operation it is 
suggested that V.S.O. is connected to Vp. 


AM/PM Indicator 

This output is an additional segment driver which can be used to 
give AM/PM indicator. (voltage current characteristic as other 
segments). 


Cathode (Segment) Output Drivers (Pins 15 thru 39) — 
CK3000 

All these pins drive the cathodes of the display without any 
additional interface components. These outputs are designed to 
withstand higher voltage signals than the other outputs. The 
output characteristics of the segment drivers can be controlled 
by pin 12 (See Figs.7 and 8). 


Cathode (Segment) Drivers (Pins 15 thru 39) — CK3100 

The output drivers of the CK3100 have sufficient current handling 
Capabilities to drive even the most inefficient of today’s available 
L.E.D.’s. 


The output characteristics of the segments are shown in (Fig.5). 
Note: It is recommended that the package power dissipation be 
kept below 500mW, therefore, with a possible 24 simultaneous 


110 VOLT AC 


C2 


NOTE: 


CK3000 =» CK3100 [a] 


outputs being on together then each segment should be oper- 
ated with an average power level of 21 mW or on average current 
of 15mA. The peak current for maximum number of segments 
condition (i.e. 24) should not exceed 40 mA per segment or the 
device will suffer permanent damage. 


Colon Utilization (Pins 24 and 25) 
Two colons show alarm/clock condition. 


Clock Alarm Colon A Colon B 
Stopped/Setting Don’t care Off Off 
Running Set 1 Hz flash. 1 Hz flash. 
Running Not set 1 Hz flash. Off 
Running Snooze “>. ‘Gea r 

period 1 Hz flash 1 Hz flash 


*colons flash alternately. i} 


3.33 Minute Output — CK3100 

This pin produces 3 pulses in each ten-minute period or 18 pulses 
per hour, and can be used for inputting to an external sleep 
counter, for clock radio type applications. 


Wake Output — CK3100 

This output turns “on” at the instance of alarm compare and stays 
on until the 1.C. receives an alarm cancel signal. The wake output 
has been incorporated for appliance control, or clock radio 
applications. Output characteristics are shown in Figure6. 


SEGMENT 
ORIVE 


14T0 39 


E © 
TR2 
28C1772H 


NOTE: ALL RESISTORS 0.25 W UNLESS STATED OTHERWISE. 
DISCONNECT PIN 2 FOR 58 Hz OPERATION . 


CONNECT PIN 3 TO PIN 1 FOR 60HZ OPERATION. 


4v AC WD4 
S00MA Bridge 
100 
230/110V AC 
50/60 HZ 


11V AC 
5MA 


IN414B 1N414B 


ALL RESISTORS 0.25W UNLESS STATED OTHERWISE. 


.,| MECURY Sw 


220K C2 2200pF 


POSITIVE 


BRIGHTNESS 
CONTROL 


Fig.2 110 OR 230V LINE OPERATED CLOCK USING CK3000 DIRECT DRIVE PLASMA DISPLAY 
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[a] CK3000 # CK3100 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pinwith respecttoVN ................ 0 to +25V *Exceeding these ratings could cause perma- 
Voltage on Segment Output Pins. ............ 0 to +45V (CK3000-2) nent damage.Functional operation of these 
Storage Temperature Range. ................ —65°C to +150°C devices at these conditions is not implied 
Power Dissipation at 70°C. ... 2... 2... 2.2... eee eee 500mWwW —operating ranges are specified below. 
Operating Temperature. ................084 —25°C to +70°C 


Standard Conditions (unless otherwise noted) 


Vn =0OV 

Vp= +7 to +18V 

Vso = +5 to +18V (CK3000) 

Operating Temperature (Ta) = +25°C CK3000 


DC 


Clock Input Frequency 
Clock Input. 

Logic ‘0’ 

Logic ‘1’ 


Max. figure for test only. 


Set by external resistor 
and capacitor - See Fig.3 


Oscillator Frequency (Fosc) 


Control Inputs 


Logic ‘0’ 
Logic ‘1’ 
Outputs 
Alarm Tone 
‘0’ Level : at Vout = 3V; Vp = 15V 
‘1’ Level at Vour = 15V 
Display Drive 
OFF Level Vour = Vp = Vso = 15V; Vout = 30V 
ON Level See Figs.7 & 8; Vour = 5V 
‘Current Not including outputs 


CK3100 


DC 


Clock Input Frequency Max figure for test only 


Clock Input 

Logic ‘0’ 0 

Logic ‘1’ 0.7 Vp 

Oscillator Frequency (Fosc) 2.5 Set by external capacitor 


and resistor - See Fig.3 
Control Inputs 


Logic ‘0’ 0 
Logic ‘1’ 0.7 Vp 
Outputs 
Alarm Tone 
‘0’ Level 20 Vout = 3V; Vp = 15V 
‘1’ Level 0.7 Vp Interna! pull-up to Vp (approx. 5KQ) 
Wake Output 
‘0’ Level 20 Vour = 3V; Vp = 15V 
‘1’ Level - Vout = Vp 
Display Drive 
‘0’ Level 20 Vour = 2.2V; Vp = 15V 
‘1’ Level - Vour = Vp 
3-1/3 Min. Output 
‘0’ Level 5 Vour = 3V; Vp= 15V 
‘1’ Level 0.7Vp Internal pull-up (approx. 5KQ) 
Current - 


*“Typical values are at +25°C and nominal voltages. 


NOTES: 

1. Pins 2,6,7,8 and 9 have an internal pull-up resistor to Vp, value approximately 200K. (CK3000:) 

2. Pins 3,4,6,7,8,9 and 10 have an internal pull-up resistor to Vp, value approximately 200K. (CK3100) 

3. Under no circumstances must any pin be biased temporary or permanently negative with respect to Vn or device operation 
will be affected. 

4. No output pin during operation must exceed Vp transiently or operation will be affected. 
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CK3000. » CK3100 [a} 


TYPICAL CHARACTERISTIC CURVES 


1M 


400K 
RESISTANCE 


VOLTAGE 


1 KHz 2 KHz 3 KHz 4 KHz 5 KHz 
FREQUENCY 


Fig.4 OSCILLATOR FREQUENCY VS. SUPPLY 
VOLTAGE (Vp) R-680K C = 2000 pf 


KHz 


Vout 
Fig.5 TYPICAL LED OUTPUT DRIVER 


V out 


Fig.6 TYPICAL WAKE OUTPUT CURRENT 
CHARACTERISTIC FOR CK3000, CK3100 ALARM 
OUTPUT AND WAKE OUT FOR CK3100 


Brightness Volts 
(PIN 12) 


Ima/ 
DIV 


MAXIMUM POWER 
PULSED 10 m SEC (ON) 
lO m SEC (OF F) 


) 

2V/DIV Vos 0 10 20 30 40 50 60 
Vout (VOLTS) 

Fig.7 Fig.8 


TYPICAL PLASMA OUTPUT DEVICE “ON” CHARACTERISTICS 
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CK3200 CK3400 


al : 
INSTRUMENT 


4 Digit Alarm Clock Circuit 


FEATURES 


@ 12 and/or 24 hour clock, 24 hour alarm setting 

m= Leading zero suppression in 24 hour mode 

ws PM indication in 12 hour mode 

w 50’or 60 Hz operation 

we Snooze (sleep-over) alarm 

a Direct display driving (two digit duplexing) 
CK3200 - Plasma 
CK3400 - LED 

= No display interface components 

@ Seconds flashing colons 

Alarm, set, and snooze indication 

w@ Line power interrupt indication 

@ Low current consumption 


DESCRIPTION 


The CK3200 and CK3400 are N-Channel MOS integrated cir- 
cuits, containing all the logic necessary to produce low cost 4 
digit alarm clocks operating from 50 or 60 Hz line frequencies. 
The output stages of these circuits have been designed specifi- 
cally to directly drive the cathodes of Plasma displays (CK3200) 
or the cathodes of large digit'common anode L.E.D.’s(CK3400) 
with no interface electronic components whatsoever (Duplex 
mode). 

These integrated circuits also contain all the logic needed for 
contact noise elimination and line frequency noise rejection 
reducing further support components. In order to overcome the 
extreme difficulties in eliminating radio frequency interference 
(common problem of multiplexed display clocks) and to keep the 
device in a low cost package a novel display driving technique is 


BLOCK DIAGRAM 


INCR 
E CONTROL 


p bt 


U 


SET TIME 
ALARM TONE 
CANCEL CK3400 
SET ALARM 


INCR AND 
DEBOUNCE 


INC HRS 


LOGIC 
INC MINS 


eae 
SET FREQ = NOISE Ei 
OSCILLATOR EtMINATOR ; DIVIDER 


50/60 50/60 
INPUT CONTROL 
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TIME INCR 
MINUTES = CONTROL 


SELECT LOGIC AND 
ALARM COMPARATOR 


ALARM TONE CANCEL (CK3200) 12/24 VBRIGHT 
AND 


PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


Top View 


Vn 

§0/60 Hz Control 

Set Internal Osc Freq 
Alarm Tone Out (1) 
‘Set Time Enable (2) 
Set Alarm Enable (2) 
Increment Min Enable 
Increment Hr Enable 
§0/60 Hz Input 

Seg Out Control 

12 and/or 24 Hr Sel 

Vp 

Seg Out f, Digits 3 & 4 
Seg Out g, Digits 3 & 4 


_ 


Seg Out b, Digits 1 & 2 
Seg Out g, Digits 1 & 2 
Seg Out c, Digits 1 & 2 
Seg Out d, Digits 1 & 2 
Seg Out e, Digits 1 & 2 
Seg Out f, Digits 1 & 2 
Seg Out a, Digits 1 & 2 
Alarm Set/Lower Colon 
PM Flag/Upper Colon 
Seg Out a, Digits 3 & 4 
Seg Out b, Digits 3 & 4 
Seg Out c, Digits 3 & 4 
Seg Out d, Digits 3 & 4 
Seg Out e, Digits 3 & 4 


ODMNONA WD O 


pe ee ee eG 
—& WH =~ © 


NOTES: 

1. For CK3200, this pin is also alarm tone cancel. 

2. For CK3400, either of these pins can be used as alarm 
cancel. 


used - that of half line cycle anode duplexing. The duplex 
technique depends on the use of the two half sine-waves pro- 
duced by two diodes placed across an a.c. supply where the 
common connection becomes the system reference. 
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FUNCTIONAL DESCRIPTION 


The block diagram shows diagramatically the various logical 
function blocks that make up the CK3200 and CK3400 integrated 
circuits. The various units have the following functions. 
Oscillator. 

The oscillator provides two basic functions in this integrated 
circuit. 


1. Provides a suitable frequency in the audio range for modulat- 
ing an external transducer at and during the alarm time. (Nomi- 
nally 1 KHz) 

2. Provides a strobe frequency for strobing the 50 or 60 Hz line 
frequency into a ‘D’ type flip flop to statistically eliminate the 
noise. (Nominally 250 Hz) 

Debounce Logic 

The logic here is used to eliminate contact noise closure on any 
input line and this is achieved using one second digital one shots 
in combination with 250 Hz strobe pulses. e.g. With the set-time 
or alarm enable inputs at logic zero the increment inputs are 
looking for one contact closure in each one second period. Any 
further closures are ignored. However if any increment. pin is at 
logic zero and the set time switch is open and closed multiple 
counting will result. This logic also directs increment signals to 
the appropriate counter. 

Divider 

The divider counts down the line frequency counts to one per 
second depending on the 50/60 Hz control. 

Snooze Control 

This logic stores the information that an alarm compare has been 
reached, and initiates a.5 minute counter, which then runs 
continuously until such time that on an exact multiple of five 
minufes if the alarm/tone cancel switchis at zero, it will then stop 
and reset the alarm compare store. During the 5 minutes the 
alarm tone is made active for one minute in each five producing a 
1 Hz modulated 1 KHz tone. If when the alarm tone is active the 
alarm tone cancel is taken to logical zero the tone will cease until 
the next five minute period. 

Duplex Display Driving 

To use either CK3200 or CK3400 the display is connected in the 
following manner. 


Fig.1 DUPLEX DISPLAY DRIVING 


Segment a Digit 1 connected to. segment a Digit 2 


b b 
Cc C 
d d 
e ) 
f f 
g g 
Segment a Digit 3 connected to segment a Digit 4 
b b 
Cc Cc 
d d 
e e 
f f 
g 9 


CK3200 ® CK3400 [a] 


PM flag (indicator) segment connected to upper colon segment 
Alarm setting flag segment connected to lower colon segment 
Anode digit 1 connected to Anode digit 3 

Anode PM indicator connected to Anode digit 4 

Anode digit 2 connected to Anode digit 4 

Upper colon anode connected to anode digit 2 

Lower colon anode connected to anode digit 3 

Alarm setting flag connected to anode digit 1 

The anode can then be selected by the application of alternate 
half-cycle sine waves. 


NOTE: 
The phase of the incoming 50/60 Hz count to IC will then 
automatically deliver the correct segment data to display. 


ep eog* 


epneen 


Digit) PM 3 4 Colon2 1 Alarm Flag 


Anode phasing 50/60 Hz High = Digits 1 and 3 selected 
Low = Digits 2 and 4 selected 


DEVICE UTILIZATION 


50/60 Hz Control 

For 60 Hz operation Connect to V, or leave open Circuit 

For 50 Hz operation Connect to Vn 

12 And/Or 24 Hour Select 

The IC has the ability to display the correct time in12 or 24 hour 
mode under the control of the 12/24 select pin. Changing this pin 
from Logic ‘0’ to ‘1’ or ‘1’ to ‘0’ will immediately display the 
corrected time. 

High i.e. ‘1’ = 24 hour mode 

Low ‘0’=12 hour mode 


ea | G 
oJ 


Dz cmos 72 a7 
PF vos | 42 AF 


No leading zero is shown in 24 hour mode. 


lte:c2b O:26 


For economy a single segment is employed which is illuminated’ 
in 12 hour time, during PM period. 


Alarm Cancel & Alarm Tone Output - CK3200 

In CK3200 (Plasma) the alarm tone output, alarm and tone cancel 
input uses the same pin for all three functions. 

1. Alarm pin held to less than 1 volt (inputting a logic ‘0’) alarm is 
not requested. 

2. Alarm pin returned to positive supply through an appropriate 
resistance such that output is above 3 volts. (IC pulling approx- 
imately 1 mA) Alarm is requested. 

3. At the alarm.time this pin alternates between an open circuit 
condition and pulling 1 mA at the alarm tone rate. 


[See Fig. 2 for typical external connections] 
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7.5V 


CK3200 


ALARM/TONE 
CANCEL 


ALARM OUT 


VN 


VANODE 


—_ CERAMIC 
BUZZER 


Fig.2 TYPICAL BUZZER CIRCUIT - CK3200 


For normal operation the alarm cancel input is allowed to estab- 
lish its own voltage (see Fig. 2). Under this condition any coinci- 
dence between the time and alarm store will cause the alarm tone 
to be output on this pin. This tone will remain present for one 
minute unless cancelled by momentarily connecting this pin toa 
logical ‘0’ (less than one volt). This tone will re-occur five minutes 
(and subsequent multiples of 5 minutes) after the original alarm 
time for aduration of one minute unless cancelled by momentary 
connection of pin to logic ‘0’ thus providing the snooze facility. 


To completely cancel the alarm - snooze sequence, the coinci- 
dence of this alarm pin being at a logical ‘0’ and the start of the 
next alarm tone period is required. !mmediately after this oc- 
curence the alarm cancel input may be returned to the normal 
position and the alarm will be re-enabled for the following day. 


Alternately if either the set time or set alarm inputs are connected 
momentarily to a logical ‘0’ after the first minute of alarm, the 
alarm logic will be triggered for the next day. 


Alarm Cancel & Alarm Tone Output - CK3400 


In CK3400 the alarm output is on a dedicated pin (see Fig.3) 
Alarm cancel can be achieved by either taking set time or set 
alarm to a logic ‘0’ during the post alarm time. 


Tone cancel is achieved by amomentary connection to a logic ‘0’ 
of both set time and set alarm simultaneously. 


For normal operation the set time and set alarm input are left 
open circuit. Under this condition any coincidence between the 
time and alarm store will cause the alarm tone to output on the 
alarm tone pin. This tone will remain present for one minute 
unless cancelled by momentarily connecting both set time and 
set alarm simultaneously to a logical ‘0’. This tone will re-occur 
five minutes (and subsequent multiples of 5 minutes) after the 
Original alarm time for a duration of one minute unless cancelled 
by momentary connection of set time alarm to a logic ‘0’ thus 
providing a snooze facility. 


To completely cancel the alarm sequence, either set time or set 
alarm pin is taken to a logical ‘0’. Immediately after this oc- 
curence the alarm will be re-enabled for the following day. 

The alarm tone is anominal 1 KHz square wave chopped by a1 Hz 
square wave. 
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Vp = 15 VOLTS 


1 3 


Vout (V) 


Fig.3 ALARM TONE OUTPUT CHARACTERISTIC - CK3400 


Frequency Set 


An external resistor to V, and external capacitor to Vn are used to 
control the frequency of the oscillator. These values should be 
selected to ensure approximately 4KHz oscillation. 


The following graphs give a guide to component values for 
different V, values. 


With the oscillator set to 4KHz, the alarm tone output will be 1KHz 
and the internal antibounce logic is strobed at 250 Hz. 


Setting Up Procedure (Pins 6 Thru 9) 


In the normal clock running condition, pins (6 thru 9) should be 
open circuit or at logical ‘1’. 

To enter set mode either set time or set alarm should be pulled to 
logical ‘0’. Under this condition increment minutes and incre- 
ment hours inputs are enabled and when either is pulled to a 
logical ‘0’ then the corresponding hours or minutes will incre- 
ment at a1 Hz rate. All minutes to hours carries are suppressed 
while time is being set. 

When set alarm is at a logical ‘0’ the contents of the alarm store 
are displayed. 

When set time/increment minutes occurs, the clock is stopped 
and remains stopped with the seconds reset until set time is open 
circuited or returned to a logical 1. This enables the clock to be 
easily synchronized to an independent time source. No other 
setting conditions interrupt the seconds. 


50/60 Hz Input 
This input accepts a line frequency signal at either 50 or 60 Hz 


and is subsequently used as the basic count time base. 


Segments Output Control (Brightness) - CK3200 


All output stages consist of a three device cascode configuration 
of which one device controls the output voltage current charac- 
teristics (see Fig.5). From the characteristics it will be seen that a 
wide range of operating conditions are possible, allowing opera- 
tion in either the resistive region (V proportional to |) or the 
constant current region (I independent of V). 


Brightness Volts 
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Fig.5 TYPICAL LED OUTPUT DRIVER 


CK3200 = CK3400 [=] 


The output stages and control brightness were designed to be 
used with a half line cycle anode voltage and a corresponding 
half cycle control of brightness to ensure the display is 


a. Off during segment data changes 
b. To allow current to turn off and on in display gradually. 


This will result in almost a total absence of R.F.I. 


Segments Output Control (Blanking) - CK3400 


Due to the high current handling capabilities of the output stages 
of this I.C., it is not possible to control the output V.I. characteris- 
tic by using a second series device. To regulate the display to the 
required brightness several options are possible externally and 
the following internally. The segments output control can turn off 
the display at any time by taking this input to a logical ‘0’. It is 
possible therefore to use half or full wave rectified signal on the 
display anode and prematurely shut the display down in each line 
cycle to control the conduction angle hence average light output, 
using this control pin in phase relationship to the anode wave 
form. 


AM/PM Indicator 


This output is an additional segment driver which can be used to 
give an AM/PM indicator. (Voltage current characteristic as other 
segments) 


Cathode (Segment) Output Drivers - CK3200 


All these pins drive the cathodes of the display without any 
additional interface components. These outputs are designed to 
withstand higher voltage signals than the other outputs. The 
output characteristic of the segment drivers can be controlled by 
pin 10. (See Fig.5) 


Cathode Segment Drivers - CK3400 


The output drivers of the CK3400 have sufficient current han- 
dling capabilities to drive even the most inefficient of todays 
available L.E.D.’s. The output characteristics of the segments are 
shown in Fig.5. 


NOTE: 


Itis recommended that the package power dissipation is kept to 
below 500mW, therefore, with a possible 16 simultaneous outputs 
being on together, then each segment should be operated with 
an average power level of 3imW or on average current of 25mA. 
The peak current for the maximum number of segments condi- 
tion (i.e. 16) should not exceed 60mA per segment or the device 
will suffer permanent damage. 


It is also important that the display V-I load characteristic does 
not interrupt the avalanche region of the output device charac- 
teristic or off segment glow will be observed or in the limit device 
malfunction. or damage can occur. 


Colon Utilization 
Two colons (Pins 24 and 25) show alarm/clock condition. 


Colon B 


Stopped/Setting |} Don’tcare OFF OFF 


Running Set 1HzFlash. | 1HzFlash.. 
Running Notset 1Hz Flash. 1 Hz Flash. 
Running Snoozeperiod | 1HzFlash. | 1HzFlash. 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pin with respecttoVn ..........2... —0.3 to +30 volts “Exceeding these ratings could cause perma- 
Voltage on segment outputpins. ..............4. —0.3V to +45V nent damage. Functional operation of these 
Storage temperature range. ..............+.4. —65°C to +150°C devices at these conditions is not implied 
Power dissipation at 70°C. ............0 2.80058, 500 milliwatts —operating ranges are specified below. 
Operating temperature... . 1... 2... eee ee —25°C to +70°C 


Standard Conditions (unless otherwise noted) 


Vy = OV 
Vp = +10 to +18V 
Operating Temperature (Ta) = +25°C 


CK3200 
Clock Input 
Frequency Max figure for test only 
Logic ‘0’ 
Logic ‘1’ 


Oscillator Frequency (Fosc) Set by external resistor and 
capacitor at V)>= 15V 


Control Inputs 


Logic ‘0’ 
Logic ‘1’ 
Outputs 
Alarm Tone 
Cancelled Typ I sink=3maat>2.5V 
Tone 
Display Drive 
OFF Level V~p= 15V, Vour=45 Volts 
ON Level See Figs.4a-b-c 
Current Not including outputs 
CK3400 
Clock Input 
Frequency Max figure for test only 
Logic ‘0’ 
Logic ‘1’ 
Oscillator Frequency (Fosc) Set by external resistor and 
capacitor at V,15V 
Control Inputs 
Logic ‘0’ 
Logic ‘1’ 
Outputs 
Alarm Tone Vour = 0.3 Volts, 
Typ | sink = 3ma at > 2.5V 
Display Drive 
OFF Level Vp = 15V, Vout = Vp 
ON Level See Figs. 4a-b-c, Vour = 3 Volts 
Current Not including outputs 


**Typical values are at +25°C and nominal voltages. 
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Fig.6 TYPICAL APPLICATION 


100ma 8.2k IN4005 
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GENERAL 
INSTRUMENT 


Digital Clock Radio Circuit 


FEATURES 

@ 4 Digits plus colons 

# LED direct duplex drive 

®@ No display-IC interface components 

® No radio frequency interference problems 

™ No external contact noise elimination circuits required 

® No external line frequency noise rejection circuits required 

@ 12 or 24 hour display 

@ Leading zero suppression in 24 hour mode 

® PM indication in 12 hour mode 

® Alarm-snooze indicator 

@ 50Hz or 60Hz operation 

® On-chip oscillator for standby operation with battery during 
line Failure 

® Line power interrupt indication 

@ Sleep operation indicator 

@ Low power dissipation (under 30 mW) 


CLOCK RADIO FEATURES 

a Simple support electronics 

a Analog sleep setting (user controlled 5 to 120 mins with 1 
minute resolution). No necessity for daily adjustment 
Totally independent sleep and wake timing 
Independent volume of music during sleep and wake 
Radio sound muting during normal radio listening 
Wake to music or alarm tone 

Self-cancelling alarm after 80 minutes of wake 

5 minute repeating snooze with radio and/or alarm 
Sleep override or sleep repeat 

Wake to alarm tone with quiet radio override (every 5 
minutes) during snooze time (repeatable) 

Simple setting of time, alarm, and sleep 

Hold and synchronize capability for time setting 
Independent hours, minutes setting (carry propogation 
suppressed) 

5 minute pre-alarm applicance switching 

Automatic tape recorder control (record your favorite 
program automatically 0-120 minutes—starting from the 
exact second) 


BLOCK DIAGRAM 
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CONTROL 
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CLOCK 
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ALARM TIME 
MINS 


PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


Top View 


27 (9 50/60 Count Input 

26 fF) OSC 1 (Standby Timing) 
25 [) OSC 2 (Sleep Timing) 
24 TJ Inc Hours (SIN) 

23 [J Inc Mins (S.C./S.R.) 

22 (J S.T. Set Time 

21) S.A. Set Alarm 

20 [) Wake 1 Out (12/24 Hr Sel) 
19 [1 Wake 2 Out (50/60 Sel) 
18 [9 Sleep Out 

17 (12 b Digits 1 & 2 

16 [1 g Digits 1 & 2 

15 [9 c Digits 1 & 2 


PM/Indicator/Sleep Indicator C 
f Digits 3&4 
g Digits 3&4 
e Digit 3&4 
d Digits 3&4 4 
c Digits 3 & 4 C 
b Digits 3 & 4 ( 
a Digits 3&4 
a Digits 1&2 
f Digit 1&2 
e Digits 1 & 2 (J 13 
d Digits 1 & 2 [J 14 


DESCRIPTION 


The CK3300 N-Channel MOS |.C. contains all the necessary 
logic, contact noise elimination circuits, control switching, seg- 
ment drivers and timing circuits to implement simple-to-use, low 
cost, multi-featured clock radios. 


Due to the extreme difficulties in eliminating R.F.I. in radios when 
used in conjunction with digital electronics a great deal of care 
has gone into the design of the L.S.|. to ensure that little or no 
R.F.!. problems are met by the clock radio designer. The largest 
R.F.I. problem in Display Driving has been solved using a novel 
technique—that of half-line cycle anode duplexing using the 
half-sine waves produced by two diodes, and ensuring that all 
segment data changes occur at the zero crossings of the line 
cycle. This technique allows brightness control to be achieved 
simply by resistively dividing down the line voltage with a poten- 
tiometer, or a simple two level scheme using a transformer tap. 


Segment driving of the two groups is directly from the I.C. 
through 50 ohm switches which allow the high current peaks 
required of LEDs, up to one inch in size, while keeping the !.C. 
Power dissipation, for reliability, down to the 200 to 250 mW level. 
The I.C. also contains many unique features which enable the 
equipment designer to put into the clock radio his company’s 
own product image. 
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PIN FUNCTIONS 

Vn - (Pin 1) 

Is the most negative power supply to the chip (0 volts). 
Segment Drivers (Pins 2-17) 

These outputs are 50 M switches which drive the segments of 
common anode LED’s directly. Their use and operation is as 
follows: 


To use the CK3300 with LEDs, the LEDs must be of the COMMON 
ANODE TYPE, and connected in the following manner. 
segment a digit 1 connected to segment a digit 2 
segment b digit 1 connected to segment b digit 2 
segment c digit 1 connected to segment c digit 2 
segment d digit 1 connected to segment d digit 2 
segment e digit 1 connected to segment e digit 2 
segment f digit 1 connected to segment f digit 2 
segment g digit 1 connected to segment g digit 2 
segment a digit 3 connected to segment a digit 4 
segment b digit 3 connected to segment b digit 4 
segment c digit 3 connected to segment c digit 4 
segment d digit 3 connected to segment d digit 4 
segment e digit 3 connected to segment e digit 4 
segment f digit 3 connected to segment f digit 4 
segment g digit 3 connected to segment g digit 4 
Colon 1 segment connected to colon 2 segment 

PM indicator segment connected to sleep/power down indicator 
segment 

Anode digit 1 to anode digit 3 

Anode PM indicator to anode digit 4 

Anode sleep indicator to anode digit 1 

Anode colon upper to anode digit 3 

Anode digit 2 to anode digit 4 

Anode colon lower to anode digit 2 


The anodes can then be selected by the application of alternate 
half-cycle sine waves derived from a transformer from the line. 
The phase of the incoming 50/60Hz count to IC will then auto- 
matically deliver the correct segment data to the display. 


(od: 56. 
o2'GITS Iwo & 


4 3 Colon 2 1 Sleep 


Anode phasing: 50/60 high = digit (1 & 3) selected 

low = digit (2 & 4) selected 
Sleep Output (Pin 18) 
This output turns on while the sleep counter is running and is 
indicated as active by an indicator in the display (Pin 3). This 
output turns on immediately following a sleep initiate and is 
cancelled either by sleep time being complete, asleep cancel, an 
alarm comparison taking place, or an end of snooze period. This 
pin is also used as an input during circuit test to speed up testing. 
Wake 2 Output/50-60 Hz Mode Select (Pin 19) 
This output turns on at alarm compare time and stays on unless 
either an alarm cancel or a snooze repeat is activated. 
If snooze repeat is activated this pin will go off until the next 5 
minute period elapses when it will again turn on. 


The snooze can be repeated indefinitely. 


If the alarm is not cancelled this output will turn off 80 mins after 
the last snooze repeat re-triggering alarm for the next 24 hour 
period. 

This pin is also the 50/60 Hz Select input during the time at which 
Set Time and Set Alarm are at a logic ‘1’ (last data on this input 
when either Set Time or Set Alarm changes state is stored in an 
internal latch). 


Wake 1 Output/12 Or 24 Hour Select (Pin 20) 

This output turns on at alarm compare time and stays on un- 
interrupted until either: 

a. An alarm cancel 

b. 80 continuous minutes from alarm time 

c. 80 continuous minutes from last snooze repeat 


CK3300 [a} 


During the time that Set Time and Set Alarm are at a logic ‘1’ 


together, this pin is the 12/24 hour select input. 


The last data on this pin before a data change on Set Time or Set 
Alarm is stored internally in a latch, and defines 12 or 24 hour 
operation. 


Set Alarm (Pin 21) 

This pin, held at zero while Set Time is at a logic ‘1’, enables the 
Increment Minutes and Increment Hours inputs to the alarm 
counter, such that each change of state (1-0) of the increment 
inputs will advance the appropriate Counter by one unit. 


Set Time (Pin 22) 
Is identical in operation to the Set Alarm pin, but in this instance 
allows the counts to be entered into the time counter. 


Taking both Set Time and Set Alarm to a logic ‘0’ allows the Wake 
outputs to become active when the time reaches the alarm time. 
Returning either Set Time or Set Alarm to a logic ‘1’ will cancel the 
alarm. 

Increment Mins/Sleep Cancel/Snooze Repeat (Pin 23) 

If Set Time or Set Alarm is at zero, this input provides one unit of 
increment for each logic transition from one to zero. (This input is 
de-bounced against switch noise). If both Set Time and Set 
Alarm are at a logic ‘1’ or logic ‘0’ and the sleep timer is running, a 
logic zero on this input will cancel sleep. 


If both Set Time and Set Alarm are at a zero and the Wake outputs 
are active (i.e., post alarm time), then Wake 2 will be cancelled for 
a period of up to 5 mins when Pin 23 is taken to logic ‘0’. If this 
input is at zero when the alarm comparison takes place, then 
Wake 2 will stay off until 5 minutes have passed. 


increment Hours/Slieep Initiate (Pin 24) 

If either Set Time or Set Alarm is at logic ‘0’, this input provides 
one unit of increment to the required counter for each logic 
transition from 1 to 0. (This input is de-bounced against switch 
noise). If both Set Alarm and Set Time are at logic ‘1’ or logic ‘0’, 
this input will cause Sleep output to become active for the time 
resulting from current sleep oscillator frequency. 

OSC 2 (Pin 25) 

This pin produces a triangular wave oscillation depending on the 
value of resistance and capacitance. This oscillator is used to 
produce the sleep period by being gated internally with 160th of 
Osc 1 frequency (i.e. 50/60HZz). 


Additionally connected to this pin is a low level detect circuit 
used with oscillator 1 for re-setting all internal logic to 12:00 in 12 
hour mode and 0:00 in 24 hour mode. This low level detect is also 
used to detect that standby operation is required. 

OSC 1 (Pin 26) 

This pin produces a triangular wave oscillation depending on the 
external value of resistance and capacitance. The signal is used 
during normal operation to provide internally to the I.C. - 

a. the internal timing for a series of one-shot gates 

b. After division, the frequency to de-bounce other external pins 
via D-type latches. This frequency is further divided down to 
50/60Hz and is used as the source frequency during standby 
operation. 

Connected internally to this pin is a low level voltage detector 
which is used in conjunction with a low level voltage detector on 
Osc. 2 (pin 25) to reset all the internal logic to 12:00 in 12 hour 
mode and 0:00 in 24 hour mode. This low level detect is also used 
for test purposes. 


50/60 Hz In (Pin 27) 

This input is the normal source of timing. This input drives both 
the internal count and the alternate half line selection of the 
segment outputs. 

For equal brightness in the display this input must havea 1:1 mark 
space ratio (+20%). 

There is no necessity for eliminating line noise externally when 
providing this input signal as an internal arrangement eliminates 
undesired counts. 

Vp (Pin 28) 

Is the most positive power supply to the chip (typically 10 volts) 
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FUNCTIONAL OPERATION 


Pins 19, 20, 23 and 24 are dual function pins which operate as 
inputs or outputs dependent on the state of the Set Time and Set 
Alarm inputs: 


INC INC SC/ Wake Wake 50/ = 12/ 
S.T. S.A. MIN HR  SR_ SIN 1 2 60 24 

| 4 = “2 * * is = * * 
1 0 ‘ : - - - - - - 
0 1 . : - ~ - - - - 
@) ¢) at as * * x * = = 

*Operable - Not Operable 

Set time (S.T.) Pin 22 

Set alarm (S.A.) Pin 21 

Increment minutes (inc min) Pin 23 

Increment hours (inc hrs) Pin 24 

Sleep cancel (S.C.) Pin 23 

Snooze repeat (S.R.) Pin 23 

Sleep initiate (SIN) Pin 24 

Wake 1 Pin 20 

Wake 2 Pin 19 

50/60Hz Select Pin 19 

12/24Hr. Select Pin 20 


Using Wake 1 Or 2—Input/Output Functions 

When the Set Time (S.T.) and Set Alarm (S.A.) inputs are at logic 
one, the IC outputs Wake 1 and Wake 2 become inputs to two 
bistable gates which store the logic conditions on those pins: 
50/60Hz Select on the Wake 2 pin and 12/24Hr. Select on the 
Wake 1 pin. 

50/60Hz Select 

Set Time or Set Alarm must be at zero before data on Wake 2 
changes, or clock can change its 50/60 pre-divide mode. To avoid 
this, the following circuit is recommended: 


i, R2 >R LOAD 
er Vv R3 >R LOAD 
1 TPT (80/60 Hz 


! SELECT) 
a agg 


R LOAD (ALARM) 


SET ALARM 
FUNCTION 


TIME SET ALARM 
[———} 


ALARM SET 


Fig.1 SUGGESTED USE OF WAKE OUTPUTS TO ENSURE 
PROPER OPERATION OF INPUT/OUTPUT FUNCTION 


With the Set switch in the center position the set inputs are pulled 
up to a logic ‘1’ by the IC, provided the Alarm switch is in the off 
position. The load (R load) will pull the junction of the two diodes 
and R2 to a logic ‘1’. 

The output pin Wake 2 will either be pulled up or down depending 
on the connection of R3. 

Changing of Set switch will pull down the appropriate input and 
not affect other external circuit conditions. 

Change of position of alarm ON-OFF switch will allow R2 to pull 
down both Set inputs to zero before Wake 2 output is connected 
to load. This ensures that the internal IC latch is disconnected 
from wake line before data on wake line can influence stored data 
in latch. 

12/24 Hr. Select _ 

For the “Wake 1 output 12-24 hour select”, changing the logic 
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polarity will immediately change the displayed time from 12 hour 
mode to 24 hour mode or vice versa. 

e.g. 21:56 becomes °9 : 56 

or °9:56 becomes 21:56 

No leading zero is shown in 24 hour mode: 

12 : 32 in 12 hour time becomes 0: 32 in 24 hour time 

(Note: 12 to 24 hour displayed time change can only be achieved 
when the alarm is not requested and not in set mode) 

For economy of LEDs a single dot is employed which is illumi- 
nated during the PM period in 12 hour time. 


Time Setting 

Four input pins (S.T., S.A., Inc Hr., Inc Mins.) are provided to 
enable the following four functions to be provided: 

a. Setting the time 

b. Setting the alarm 

c. Stopping the clock 

d. Starting the clock 

For synchronizing purposes 

S.T.=0 

Allows each depression of Inc Hrs to advance hrs by one count. 
Clock will stop on the first inc mins and will remain stopped until 
ST = 1, thus allowing synchronization. The device assumes that 
the hours may need to be changed without affecting mins, but 
assumes clock is incorrect if minutes are changed, thus stopping 
clock and re-setting internal seconds counter to zero. 

S.A. = 0 

Selects alarm time and, for each depression of Inc Hours, hours 
are advanced one and, for each depression of Inc Mins, minutes 
are advanced one. 

NOTE: 

No carries from minutes to hours occur during setting of time or 
alarm 

Radio Control Inputs 

The inputs S.T.,S.A., inc Min, Inc Hr, serve as radio control inputs 
under the following conditions. 

S.T. And S.A. 

At zero together - alarm is requested. S.T. and S.A. at logic one 
together - alarm not requested, but if taken to logic one during 
post alarm, alarm is cancelled. 


S.T. and S.A. different will also cancel alarm if alarm is active. 


S.T. S.A. Pre-Alarm Post-alarm 
1 1 Not tequired Cancel 
1 0 Not required Cancel 
0 1 Not required Cancel 
0 0 Requested Alarm maintained for 80 mins 
S.T., S.A. =1 


lfS.T.and S.A. are at alogic 1 together during pre-alarm time, the 
following functions can be obtained using Inc Min - Inc Hrs 
inputs. Inc Hrs input going to logic zero for at least 20m secs will 
result in sleep output going to zero for the period of time set by 
sleep potentiometer. 


Atany time Inc Mins input (SC/SR) going to zero for at least 20m 
secs will cancel sleep timer if sleep output is active. 


To reduce the number of knobs, switches, wiring etc., in the clock 
radio the following alternative feature is provided. If (S.C./S.R.) is 
wired to (SIN) a dual action is achieved, 1st depression of switch 
activates sleep, 2nd cancel sleep, 3rd re-activates etc. This allows 
features (a) if user decides he wishes radio off after he has been in 
bed for a few minutes, he pushes button, or (b) radio goes off 
automatically because sleep period has finished, but user is not 
asleep and would like radio to continue, so he presses button 
again. 

S.T., S.A. = 0 

In pre-alarm period the function performed when S.T., S.A. =1 is 
identical. (When the alarm sounds at the requested alarm time 
the input (S.C./S.R.) (Inc Mins) becomes the 5 min snooze repeat 
input.) 


At alarm, the effect of (S.C./S.R.) becoming zero for at least 20m 
secs is to turn Wake 2 output off until next 5 min interval, if again 
depressed, Wake 2 will turn off for a further 5 mins—this se- 
quence will go indefinitely until S.T., or S.A. or both are returned 
to logic ‘1’, cancelling alarm. If inputs to the device are left 
unchanged for 80 mins then alarm will re-set for 24 hours. 


Again to improve the radio features and simplify radio operation 
the tied function of (S.C./S.R.) and (SIN) on one button performs 
the following three functions: 


Initiate sleep (SIN) 

Cancelsleep (S.C.) 

Snooze repeat (S.R.) 

Delaying Alarm by 5 Minutes 

lf, when Wake 1 output is capactively coupled to (S.C./S.R.) input 
then at alarm time Wake 1 will turn on and stay on but Wake 2 will 
immediately become cancelled, hence no alarm will be heard 
from radio until 5 minutes later; this allows an electrical appliance 
to be turned on 5 minutes prior to alarm sounding. 


Use of Sleep Timer for Tape Recorder Control 

If sleep input (SIN) in directly coupled to Wake 1 output, then a 
tape recorder or any electrical equipment can be turned on at 
alarm time using sleep output for a period of time set on sleep 
potentiometer. 

Radio Control Outputs 

There are three radio control outputs: 


a. Wake 1 
b. Wake 2 
c. Sleep output 


Function 
1. Wake 1—goes at zero; i.e. is on at alarm time for a period of 80 
mins or until an alarm cancel. 


2. Wake 2 goes to zero at alarm time, and stays at zero until a 
snooze repeat is activated then it will stay off until next 5 minute 
point then return to zero, for a period of 80 mins unless snooze 
repeat is re-activated. Snooze repeat can be used indefinitely, 
until either a continuous 80 mins occurs or alarm is cancelled. 
Note: The 5 minute period is any 5 min interval from alarm time 
and not 5 min from each snooze repeat. 
3. Sleep output goes low after a sleep initiate for the period of 
time set by sleep potentiometer. (Will be overidden by Wake if 
sooner.) 
Colon Utilization 

COLON CONDITIONS 


FUNCTION BOTTOM TOP 
Set time on off 
Set alarm off on 
Stopped (Sync) off off 
Run (alarm not requested) 1Hz off 
Run (alarm requested) 1Kz 1Hz 
Snooze period 1Hz 1Hz 


PERIODIC 
TIME 800 10 
u SECS FREQUENCY 


RESISTANCE (KQ) 


Fig.3 OSCILLATOR 
CHARACTERISTICS FOR V> = 10V 


Fig.4 OSCILLATOR 
CHARACTERISTICS WITH VOLTAGE 


cxsoo [et] 


Sleep dot is on for sleep timer running, flashing for post line 
interrupt (removed from flashing by movement of S.T. or S.A. to 
0’) 

Stand-By Operation 

If a circuit is employed to change the IC power source to battery 
during line failure, e.g. two diodes, then if the external timing 
components of oscillator 1 are set to give 8KHz (nominally R = 
120K © = 2200pF), then the IC will maintain operation to an 
accuracy of one part in 120, i.e., 30 secs/hr, during the failure. On 
return to main power the sleep indicator will flash at 1HZ to notify 
user that indicated time could be in error. 


The standby condition is detected by the failure of oscillator 2 to 
oscillate, therefore oscillator 2 is connected to the line-derived 
power source, not the battery. 

It is assumed OSC 2 input has gone to zero volts. 

To remove flash condition take S.T. or S.A. momentarily to zero. 
Analog Sleep Control 

A second oscillator is provided on IC whose frequency can be 
controlled by an RC network. This osillator is identical to 
oscillator one (Standby oscillator) and occupies the same silicon 
real estate location ensuring that process variations, temperature 
variations and voltage variations have as nearly as possible 
identical effects on frequency stability. Oscillator 1, which is set 
to 8KHz is divided down to 50HZ (20.0'msecs) and is used as a 
gating time for oscillator 2 (Sleep Timer Source) .:The number of 
gated counts is loaded in the sleep timer (capacity 160 counts) 
and subsequently counted up at one per minute until 160s 
reached. 


The range of sleep time is controlled by varying OSC 2 resis- 
tance. At 4:1 change in resistance will give variation of 160 to 40 
gated pulses, this giving a sleep time of 0 to 120 minutes. 
NOTE: 
Minimum sleep time to ensure correct snooze operation should 
be a minimum of 5 minutes. 
Vp 

R1, C1 = 120K, 2200PF 

R2 = 0 — 450K 
Frequency range = 8kHZ — 2kHZ 
Gate time = 20ms 
Zero sleep counts = (20 x 10°’) x (8 x 10°) = 160 
Maximum sleep counts = (20 x 107°) x (2 x 10°) = 40 
Range = 120 counts 
Hence 1 count = 1 min 


OSC 2 


R | 


— Fig.2 


To initiate the sleep timer bothS.T. andS.A. must logically be the 
same, and INC HR/SIN must be momentarily at zero. (See later 
section). 


PERIODIC 
TIME 
u SECS ; 


9 10 11 12 13 14 15 
LY VOLTAGE UP 


RESISTANCE (KQ) 


Fig.5 OSCILLATOR 
CHARACTERISTICS FOR V> = 7.5V. 
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ELECTRICAL CHARACTERISTICS 


Voltage any pin with respect to V, 


Storage temperature. ......... ee ee 
Operating temperature... .........4.. SS ie fh ia fee —20°C to +70°C 
. . +300°C 


Lead temperature (soldering 10sec). ............... 


Characteristic 


Power Supply Voltage 

Supply Current 

50/60HZ Input 

Frequency (must be 
identical to anodes) 

Logic ‘1’ level 

Logic ‘0’ level 

Inputs (Excl Oscillators) 

Logic ‘1’ level 

Logic ‘0’ level 

Segments Out = (on) 

(off) 

Wake 1, 2, Sleep Out (on) 

(off) 

Wake 1, 2 (As Inputs) 

Logic ‘1’ level 

Logic ‘0’ level 

Oscillators 1 and 2 

Hi level 

Lo level 


Reset Level 


“Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. | 


Conditions 


V,= 10V 


Vout — 1.5V 


Vout = 1.5V 


Free run 


Unless specified otherwise, characteristics are defined with V, = 10V at T, = +25°C. 


**Typical values are at +25°C and nominal voltages. 


NOTES: 


1. Under no circumstances during IC SEereHon must any pin either input or output be taken to a voltage more negative than 


V, or IC malfunction will occur. 


2. No input or output must be taken to a positive voltage greater than 20 volts or permanent damage can result. 
3. No output must be allowed to dissipate a continuous power in excess of 100mW. 


4. Total chip continuous power dissipation must not exceed 500mW. 


5. The total current being returned to V, through all device pins must not exceed 1 amp. 


TIMING DIAGRAM 


TIME = ALARM 1 5 MINS | 5 MINS 80 MINS 
ST. ee el se ee oe 


SC/SR i I If lI lf I I I lI I I ill lI 
SLEEP OUT | | | | | | | | | | | 
WAKE 2 OUT | | | | 
WAKE 1 OUT | 


SET TIME 
SET ALARM ] DC CONTROLLED 


SIN | SAMPLED EVERY 20 MS AT 50Hz OPERATION 


oc 16.6 MS AT 60Hz OPERATION (20MS DURING STANDBY) 


Input and Output Characteristics 


INPUTS 

S.A. 

S.T. Active pull up’s to V, 

INC HR (SIN) Operate level logic ‘0’ J OKO 


INC MIN (SC/SR) 


50/60HZ count input, active pull down 
For correct operation duty cycle of 50/60Hz must be 1:1 + 20% 
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OUTPUTS 

Normally open circuit 

Operate “on” (low impedance typically 500) 
INPUTS 

Wake 1 - as input ‘Y= 12hr ‘0’ = 24hr 
Wake 2 - as input ‘1’ = 60Hz ‘OD’ = 50Hz 


CLOCK INPUT NOISE ELIMINATION TIMING 
50/60Hz - strobed every 4ms internally for less than 1 us 


Testing |.C. Facilities | 
1. Master reset: This can be activated by pulling OSC1 (Pin 26) | 
and OSC 2 (Pin 25) to zero volts together. | 
2. Internal debounce and predivider logic may be bypassed if 
OSC 1 is taken to zero volts while OSC 2 is left running. 

a. Under this condition Inc Hrs and Inc Mins pins are not de- 
bounced to allow fast incrementing for test purposes. 

b. Also in this mode the 50/60Hz input pin is directed straight to 
the main counters under control of the sleep pin. If Sleep pin at | 
‘0’—-50/60Hz input clocks 120 minute sleep counter, and with 
Sleep at ‘1’ it clocks the main minutes count by passing the 
debounce and divide by 50/60 counter. Under this condition it 
also clocks the 5 minute snooze counter. 


Operation Clock Radio Example 

(showing some features and their use) - ref Figs.21 and 22. 
Start-Up 

Radio is connected to line for ist time, then battery is inserted. 
Assume following switch position RADIO OFF, SET TIME 
SWITCH = RUN 

Actions 

Display will illuminate and read 12:00 sleep indicator will flash at 
1Hz. Set clock as indicated previously (Flashing will cease). 

In 24hr mode 0:00 will illuminate with flashing sleep indicator. 


Snooze Bar Action 
IN RADIO OFF POSITION 


1st button depression Low volume radio (set required volume) 
2nd button depression Radio off 

3rd button depression Radio on low volume 

4th button depression Radio off 

etc.... 

IN RADIO ON POSITION 

Radio comes on high volume (set wake volume required) 
1st button depression Low volume radio (mute facility) 
2nd button depression High volume 

3rd button depression as1 

4th button depression as2 


Radio Auto 

In auto, alarm is requested at “set alarm” time. If sleep is desired 
press button. Subsequent button pushes will have same effect as 
in radio “off” position. 

Select Wake to Alarm Tone or Radio 

Assume radio selected 


At alarm time radio will come on at wake volume setting. 


1st button depression Radio will switch to low volume 
2nd button depression Radio will switch off 
3rd button depression Radio back a low volume 


If after first depression radio is left untouched, radio will return to 
wake volume after five minutes. 


lf after 2nd depression radio is left untouched, radio will stay off 
for five minutes then return to wake volume. 


This wake volume, if left, will be maintained for 80 mins unless 
radio is returned to radio ON or radio OFF switch position, 
changing switch momentarily from auto to ON or OFF and back 
to auto will reset alarm and re-request for same time next day. 
The above, repeating snooze, can be maintained idenfinitely if 
button is pushed before 80 mins elapses. 


Note: 80 mins is timed either from alarm time, if untouched, or 
80 mins from last button depression 

Select Wake to Alarm Tone 

The alarm tone or buzzer is obtained by placing positive feed- 


k LC, POWER 


RADIO POWER 
SUPPLY 
SWITCHING 


SUPPLY ANO 
AG LINE INTERFACE 


DISPLAY POWER 
SUPPLY AND RADIO ee 


BRIGHTNESS 
CONTROL SWITCHES 


exsa00 [Et] 


back around the audio amplifier or radio in such a manner that 
the desired sound can be achieved and the feedback can be 
stopped by open circuit one point in the network. 


At alarm time buzzer will sound: 
On 1st button depression Buzzer will cease and radio will 
switch to low volume 


2nd button depression Radio and buzzer will be off 


If after first depression radio is left untouched, radio will return to 
buzzer after 5 mins. 


If after 2nd depression radio is left untouched, radio and buzzer 
will be off and at 5 mins BUZZER WILL AGAIN SOUND. 


As for radio position - radio will reset after 80 mins for 24 hrs. At 
any time in buzzer sequencing, buzzer radio select can be 
changed over to radio, then the radio will alternate high-low 
volume with button. Cancelling in buzzer mode is identical to 
radio mode. 


Typical Application 

To combine the S.A. and S.T. functions to provide simple and 
rapid clock setting. It is suggested that the following is incorpor- 
ated in the clock radio. 

Two toothed wheels are placed over two seperate sprung con- 
tacts and coupled to two concentric rotating knobs, (say 12 teeth 
each) along side is a three position switch labeled ‘set time, run, 
set alarm’. 


To set clock, select time or alarm and rotate Hrs knob, or mins 
knob, each click will result in one unit change of time, rapid 
rotation will result in 12 increments per revolution of knob. 


The above procedure results in an easy to use system with the 
advantage over mechanical clocks of independent hrs and mins 
setting. 

NOTE: 

No carries from mins to hrs can occur during setting of time or 
alarm. 


Use of Auto Tape 

Fig.21 shows - the facility for automatically switching on an 
appliance (e.g. tape recorder) at a specific time and keeping 
appliance active for a period of time up to 120 mins. In this mode 
the wake output is made to start the sleep - timer at the wake time. 


Use of 5 Min Delayed Alarm with Appliance Switching 

In this mode of operation the wake 1 output is made to cancel the 
first alarm through the SC (inc hr) input such that radio or alarm 
time will only occur at the end of the first snooze period. 

This result in appliance being activated at set alarm time and after 
5 mins the alarm or radio will sound. 

Fig.6 — shows atypical clock-radio block diagram 

Fig.7 — shows the chip/display circuit. 


CK3300 
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interface with a Radio 

There are many possible configurations of clock radios in use 
today and a wide range of different radio chassis are employed in 
these units. It is necessary therefore that the clock radio I.C. be 
sufficiently flexible to allow simple interfacing to be 
accomplished. 


The following section gives different options, features and inter- 
facing to demonstrate some of the approaches possible with the 
CK3300. . 


Power Supply Interface 

To enable any existing line operated radio chassis to be used with 
the minimum of changes it is suggested that the following power 
supply is used with the adoption of a 2nd line transformer. This 
will (a) reduce the need for a change at the existing transformer. 
(It is unlikely that the existing transformer will be capable of 
provi ling the additional power required of the display). 

a. Allow the electronic clock movement to be self contained 
therefore, keeping the interface wiring to a minimum. 

b. Allow the same electronic movement to be used with several 
radio chassis. 

Options 

1. Without battery standby facility Fig.8 

2. With battery standby facility Fig.9 

Display Interface and Power Source 

Four options are shown 

1. No brightness control Fig.10 NOTE ek AND RB 

2. Day/night brightness (two level) Fig.11 FOR REQURED LCW LEVEL 
3. Manual brightness control Fig.12 

4. Automatic brightness control Fig.13 
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Fig.9 POWER SUPPLY INTERFACE WITH STANDBY OPTION Fig.13 AUTOMATIC BRIGHTNESS CONTROL 
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Radio Switching Additional Facilities 

Option 1 Push button operation (Fig.14) 1. Automatic tape recording (Fig.21) 

Option 2 Rotary switch operation (Fig.15) 2. Appliance switching with delayed alarm (Fig.21) 

Radio Powering 3. Wake to normal radio with 5 minute alarm over-ride (Fig.21) 
Option 1(Fig.16A, 16B) Direct audio amplifier control (no active 4, Wake to quiet radio with 5 minute alarm over-ride (Figs. 21 
components) and/or 22) 

Option 2 (Fig.17) Power supply switching using Transistor 5. Ratio muting during normal radio listening (Figs.21 and /or 22) 
Option 3 (Fig.18) Power supply switching using a relay Jo -cocfr + 

Tone Generation RAQO POW 

Option 1 (Fig.19) Saw tooth generation independ of radio 

Option 2 (Fig.20) Sine wave generation independent of radio eas el 


| 

| 

Option 3 (Fig.15,16B) Sine wave using the existing radio audio | 
amplifier | | 

| 

| 

| 
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| 
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INC_HRS/SIN aaK {5B4PF 
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Fig.15 RADIO SWITCHING Fig.19 SAW TOOTH OSC Fig. 20 SINE-WAVE OSC 
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POW 
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INTERFACE WITHOUT STANOBY 


LINE 


CKI308 


Fig.21(a) TYPICAL “BASIC” CLOCK RADIO CIRCUITRY 


CK3300 
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RADIO SWITCHING 


RADIO SWITCHING | 
BY BIAS CHANGE | 


RADIO VOLUME CONTROL 


AMPLIFIER 


Fig.21(b) TYPICAL “BASIC” CLOCK RADIO CIRCUITRY 
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Fig.22(a) TYPICAL “FULL-FEATURE” CLOCK RADIO CIRCUITRY 
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Fig.22(b) TYPICAL “FULL-FEATURE” CLOCK RADIO CIRCUITRY 
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GENERAL 


INSTRUMENT 


SAA1024 
SAA1025 
AY-5-8100 
AY-5-8101 
AY-5-8300 
AY-5-8302 
AY-5-8310 
AY-5-8320 
AY-5-8410 
AY-5-8411 
AY-5-8420 
AY-3-8500 
AY-3-8500-1 


Gl | SAA1024 


Ultrasonic Remote Control Transmitter 


FEATURES 


30 channels. 346.4Hz spacing in the range 34-44KHz. 
9V battery operation. 

4.433 MHz TV crystal master oscillator. 

Touch or mechanical keyboard, 1 of 5 and 1 of 6 coding. 
Low standby current drain (10 yA). 

Equivalent to I.T.T. SAA1024. 


DESCRIPTION 


The Transmitter allows the transmission of 30 commands using 
30 different ultrasonic frequencies in the range 33.945 to 43.990 
KHz. It is designed for battery operation and uses a low cost TV 
crystal as the master oscillator. When inactive the circuit is in a 
standby mode having a current drain of less than 10uA. As soon 
as avalid input code is applied the main circuit is powered up and ~ 
transmission commences. 


The code input can be generated by either a mechanical key- 
board or a touch plate. 


TRANSMITTER WITH TOUCHPLATE INPUT 


ULTRASONIC 1615 14 13 12 
OUTPUT 


SAA1024 
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PIN CONFIGURATION 
16 LEAD DUAL IN LINE 


Oscillator Input 
Oscillator Output 
Input A 

Input B 

Input C 

Input D 

Input E 

Input F 


Top View 


Vgg (positive supply) 
Ultrasonic Output 


Vpp (negative supply) — 


Input L 
Input K 
Input I 

Input H 
Input G 


SAA1024 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


Voltage on any pin with respect toVsspin. .......... +0.3 to —12 Volts “Exceeding these ratings could cause 

Output Current. 3. +. @ aaa « Ses eke Be ce a ed A we 10mA permanent damage. Functional operation of 

Storage temperature range. ...............-., —65°C to +150°C this device at these conditions is not 

Ambient operating temperature range. .........2.2.. —10°C to +70°C implied—operating ranges are specified 
below. 


Standard Conditions (unless otherwise noted) 
Vss = OV 


Vop = —7 to —10V 
Operating Temperature (T,) = -10°C to +70°C 


Clock Frequency 4.4336 See diagram for external components. 
Output Frequencies See Table 

Input logic ‘0’ 

Input logic ‘1’ 


at 70°C, Vin = —3V 
to Vss, Vout = —1V 
to Von, Vout = Vpnt0.5V 


Input leakage 

Output On Resistance 
Output Off Resistance 
Standby current drain 
Operating current drain 


**Typical values are at +25°C and nominal voltages. 


ULTRASONIC FREQUENCIES 
Crystal = 4.4336MHz (code in negative logic) 


1 33,945 Hz 0 0 0 0 1 0 0 1 0 0 0 

2 34,291 Hz 0 0 0 0 1 0 0 0 0 0 1 

3 34,638 Hz 0 0 0 0 1 0 1 0 0 0 0 

4 34,984 Hz 0 0 0 0 1 0 0 0 0 1 0 

5 35,330 Hz 0 0 0 0 1 1 0 0 0 0 0 

6 35,677 Hz 0 0 0 0 1 0 0 0 1 0 0 

7 36,023 Hz 1 0 0 0 0 1 0 0 0 0 0 

8 36,370 Hz 1 0 0 0 0 0 0 0 1 0 0 

9 36,716 Hz 0 1 0 0 0 1 0 0 0 0 0 
10 37,062 Hz 0 1 0 0 0 0 0 0 1 0 0 
11 37,409 Hz 0 0 1 0 ) 1 0 0 0 0 0 
12 37,755 Hz 0 0 1 0 0 0 0 0 1 0 0 
13 38,101 Hz 0 0 0 1 0 1 0 0 0 0 0 
14 38,448 Hz 0 0 0 1 0 0 0 0 1 0 0 
15 38,794 Hz 1 0 0 0 ) 0 1 0 0 0 0 
16 39,141 Hz 1 0 0 0 0 0 0 0 0 1 0 
17 39,487 Hz 0 1 0 0 0 0 1 0 0 0 0 
18 39,833 Hz 0 1 0 0 0 0 0 0 0 1 0 
19 40,180 Hz 0 0 1 0 0 0 1 0 0 0 0 
20 40,526 Hz 0 0 1 0 0 0 0 0 0 1 0 
21 40,872 Hz 0 0 0 1 0 0 1 0 0 0 0 
22 41,219 Hz 0 0 0 1 0 0 0 0 0 1 0 
23 41,565 Hz 1 0 0 0 0 0 0 1 0 0 0 
24 41,911 Hz 1 0 0 0 0 0 0 0 0 0 1 
25 42,258 Hz 0 1 0 0 0 0 0 1 0 0 0 
26 42,604 Hz 0 1 0 0 0 0 0 0 0 0 1 
27 42,951 Hz 0 0 1 0 0 0 0 1 0 0 0 
28 43,297 Hz 0 0 1 0 0 0 0 0 0 0 1 
29 43,643 Hz 0 0 0 1 0 0 0 1 0 0 0 
30 43,990 Hz 0 0 0 1 0 0 0 0 0 0 1 
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INSTRUMENT 


Ultrasonic Remote Control Receiver 


FEATURES 


30 Control Channels. 

16 TV Channels. 

3 Analog Channels. 

ON/OFF Channel. 

Normalize Control. 

Local Control. 

Uses 4.4MHz TV Crystal. 
Equivalent to 1.T.T. SAA1025. 


DESCRIPTION 


The Receiver has 30 control channels, each channel being 
allocated a separate ultrasonic frequency. Sixteen of the 
channels are allocated to selection of TV programs, six are used 
to control three analog outputs, one for On/Off, one for 
Normalizing, one for Muting and five are left spare. All channels 
are output on a 5 line binary bus. The bus is also used as an 
input for local control. 


The analog channels have a pulse width modulated output with 
31 possible values, the time taken to go from maximum to 
minimum being 5.5 seconds. The Normalize button sets the 
outputs approximately to their mid-point. 


The ON/OFF channel toggles every time it is activated, there is a 
delay of approximately 0.7 seconds to prevent accidental 
operation. 


23 


R2 | ENCODER 


[-] ISOLATING 
RT| | 


PIN CONFIGURATION 
16 LEAD DUAL IN LINE 


Top View 


Vgg (positive supply) 


Vpp (negative supply) 


Analog output 3 Clock input 


Analog output 2 Ultrasonic input 


Anaolg output 1 N.C. 


Vop (memory) Input/Output A 


On/Off output Input/Output B 


Input/Output E N.C. 


Input/Output D Input/Output C 


To prevent false operation the frequency of the ultrasonic input is 
measured in the following manner. As soon as the signal appears 
a 23mSec. timer is started, at the end of this period the room 
reflections will have died away. 


The frequency is then measured for 23mSec. and the appropriate 
output activated. If at any time a signal is received with a period 
shorter than 18uSec. or longer than 36uSec. the receiver is reset. 
Out of band and noisy signals are therefore rejected. 


TOUCH PLATE 


© -Vop: 
| 
| oO -5V 
| 
| 
| 
i 
| 
| 
9 Vsg 


Fig.1 INPUT/OUTPUT CIRCUIT 
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PIN FUNCTIONS 


Positive supply. 


16 Negative supply 18V nominal. 
5 Vpp (memory) Negative supply to D/A store, allowing the analog values to be 
retained with very low power consumption(Typ. 0.2mA at 10V). 
15 Clock Input This pin is driven by a 4.4336MHz crystal oscillator. The input 
signal should be a minimum of 4V peak to peak. 
14 Ultrasonic Input The ultrasonic signal should be capacitively coupled and be at 


least 500 mV peak to peak. The first incoming pulse triggers a 
23.1mS timer and after a delay of this period, two measurements 
of the ultrasonic signal are made over the following two 23.1mS 
periods. If the measurements produce a comparison, an output 
pulse 23.1mS long is generated after a further pause of 46.2mS. 
With continuous input signals an output pulse is generated every 
184.8mS. During the complete receiving time the period of the 
ultrasonic signal is measured. If it is less than 18uSec or greater 
than 36uSec the signal is rejected and the receiver is set back to 
the start conditions and anew measuring cycle commences. The 
input signals need not be completely accurate for satisfactory 
reception. At the lowest frequency an error of +0.51% can be 
tolerated and at the highest +0.39%. 


2,3,4 Analog Outputs These outputs are in the form of a pulse, the mark to space ratio of 
which can be changed in 31 steps from 0:31 to 31:0, the repetition 
frequency being 8.99KHz. The mark space ratio is incremented 
by one step about 115mSec after the start of an ultrasonic 
command, thereafter it is incremented every 184.8mSec. The 
dutput stage is an open drain MOS transistor which appears as a 
1 KOhm (Max.) resistor connected to Vss when ON and an open 
circuit when OFF. At power ON the outputs are normalized to the 
following mark space ratios: 


Output1 16:15 
Output2 18:13 
Output3 10:21 


When command 4 (Normalize) is received, Outputs 1 and 2 are 
reset to their normalized values. Output 3 is unchanged. 


When command 2 (Mute) is received Output 3 is turned OFF, a 
further command re-enables the output. A delay of 
approximately 0.7 seconds is built in to this control to prevent 
false operation. 


6 ON/OFF Output This output is toggled ON and OFF by reception of command 1, 
the command must be present for 0.7 sec. At power ON the 
outputis set to the OFF condition. When in the OFF condition the 
Analog outputs are prevented from changing. Also, when OFF, 
any one of the 16 channels for selecting TV programs, if 
present for 0.7 seconds, will change this output to the ON 
condition. However, these channels will not switch the output to 
OFF. The output can also be switched ON by connecting pin 6 to 
Vss for 10 » seconds. 


7,8,9, 11,12] Input/Output A, B,C, D,E These pins have the dual function of receiving input commands 
from local keyboard or touch plate and for providing output 
control signals in response to commands from the transmitter or 
the keyboard. When the receiver is inactive the pins are held to 
within 1 Volt of Vss by R1 (Fig.1). If a touch contact is activated 
current flows through R3 and R2 (Safety Isolating resistors) into 
R1 driving the input negative. When the input voltage exceeds 3 
Volts for at least 10uSec the command is accepted and after a 
processing time of 46.2mSec an output pulse 23.1mSec long is 
generated. During the output pulse the output pin is driven 
negative by the output transistor. The output current is sufficient 
to drive TTL. (Fig.2). When commands are received from both the 
remote transmitter and the local keyboard the local command 
takes precedence. 


NOTE: Pin 6— An option is available whereby this output can be turned “off” by the reception of a channel 1 command but not “on”. 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


Voltage on any pin with respect toVsspin. ..........4.. +0.3 to -20V “Exceeding these ratings could cause 
OutpuUrCurrent.) < -g oe ee ke Ba OE EE we. HL HS 10mA permanent damage. Functional operation of 
Storage Temperature Range... ...........0684 -65°C to +150°C this device at these conditions is not 
Ambient Operating Temperature Range ..........2... -20°C to +70°C implied—operating ranges are specified 
below. 

Standard Conditions (unless otherwise noted) 
Vs5 = OV Fo = 4.4336MHz 
Vip.= -16.5 to -19.5V Operating Temperature (T,) = -20°C to +70°C 

Characteristic Typ** | Max =| Units | Conditions 


Clock Input 
Logic 0 

Logic ‘1’ 
Capacitance 
Ultrasonic input 
Inputs A-E 
Logic ‘0’ 

Logic ‘1’ 
Outputs A—E 
Logic ‘0’ 

Logic ‘1’ 
On/Off Output 
Off leakage 

On resistance _ 
Analog Outputs 


capacity coupled 


RL = 4.7M to Vss 
lout = 1.6mA (Fig.1) 


Vout = —19.5 Voits 
Vout = —1V (resistance to Vss) 


Off leakage Vout = —19.5 Volts 

On resistance Vout = —1V (resistance to Vss) 
Output frequency 

Increment time per stop 

Memory Supply Current Vpp(mem) = —10V 

Chip Supply Current Vop = -19V 


VOLTS 


Fig.2 OUTPUT CHARACTERISTICS 
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FREQUENCY/CHANNEL ALLOCATIONS 


F = Channel Select Clock frequency 4.4336 MHz Output in Negative logic Output Code 

CH Channel Function E 

1 33,944.89 ON/OFF 1 0 0 0 0 

2 34,291.21 Mute A3 1 0 0 0 1 

3 34,637.65 A1 up 0 1 0 0 0 

4 34,984.02 Normalize 0 1 0 0 1 

5 35,330.40 1 1 0 0 0 

6 35,676.78 1 1 0 0 1 

7 36,023.15 0 0 1 0 0 

8 36,369.53 0 0 1 0 1 

9 36,715.91 A2 down 1 0 1 0 0 
10 37,062.28 Z3 1 0 1 0 1 
11 37,408.66 A3 up 0 1 1 0 0 
12 37,755.03 Z4 0 1 1 0 1 
13 38,101.41 A3 down 1 1 1 0 0 
14 38,447.79 Z5 1 1 1 0 1 
15 38,794.16 F1 0 0 0 1 0 
16 39,140.54 F2 0 0 0 1 1 
17 39,486.92 F3 1 0 0 1 0 
18 39,833.29 F4 1 0 0 1 1 
19 40.179.07 F5 0 1 0 1 0 
20 40,526.05 F6 0 1 0 1 1 
21 40,872.42 F7 1 1 0 1 0 
22 41,218.80 F8 1 1 0 1 | 
23 41,565.18 F9 0 0 1 1 0 
24 41,911.55 F10 0 0 1 1 1 
25 42,257.93 F11 1 0 1 1 0) 
26 42,604.31 F12 1 0 1 1 1 
27 42,950.68 F13 0 1 1 1 0 
28 43,297.06 F14 0 1 1 1 1 
29 43,643.43 F15 1 1 1 1 0 
30 43,989.81 | F16 1 1 1 1 1 
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AY-5-8100 §AY-5-8101 


Radio Receiver Frequency Counter/Display Driver 


FEATURES 


@ Three frequency ranges: MW 2999KHz, SW 29.995MHz, VHF 
299.95MHz. 

® Mask programmable IF offset, Standard part is 460KHz on 
MW and SW, 10.7MHz on VHF. 

® Channel mode 0-99 channel spacing 300KHz, Standard part 
channel 0 is 87MHz. 

® High voltage segment and digit outputs give direct drive 

of fluorescent displays. 

Inversion control for digit select outputs. 

Direct drive of liquid crystal displays. 

1.28MHz master clock input frequency. 

300KHz input with 8mS sample time. 

TTL compatible inputs and outputs. 

50Hz output to drive the AY-5-1200A digital clock. 


DESCRIPTION 


The AY-5-8100/8101 are four and a half digit frequency counters 
for use in Radio Receivers. Three main frequency ranges are 
provided, 2999KHz and 29.995MHz with 460KHz IF offset and 
299.95MHz with 10.7MHz IF offset. For use in VHF FM receivers a 
channel mode is available In this mode a channel number from 0 
to 99 is displayed together with a “+” or “-—” sign for tuning 
indication. In this mode the IF is 10.7MHz and channel Ois 87MHz. 


The outputs are multiplexed in five time slots onto a seven 
segment bus. Digit and segment outputs have high voltage 
capability and will drive fluorescent displays directly. A pin 
option allows the driving of liquid crystal displays using the two- 
frequency multiplexing system. 


SYSTEM DIAGRAM 


VHF INPUT SW INPUT MW INPUT 


PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


Top View 
(-12V): AY-5-8101 
Vpp (-17V): AY-5-8100 
Cl Counter Input 
PR Prescaler Reset 
MW Select 
CH Channel Select 
Di \ LSD 
D2 
D3 ) Digit Select Outputs 
D4 
D5 7 MSD 
R Reset 
LQ Liquid Crystal Select 
S.S.1. Segment Select Invert 
+Display Mode Input 


SW Select 
1.28MHz-clock input 
OE Output Enable 
NC 

NC 


—_ 


® 

2 

3 

4 

5 

6 

7 

Cj 8 
9 


Segment 
Outputs 


on re oe ar 
&wONnM + O 


1.28MHz 
CLOCK 
OSCILLATOR 


Cl 
+ 10 : : AY-5-8100/8101 MODE 
| =) _ 
~ bande sill aharet als 


50Hz to 
AY-5-1200A 
CLOCK 
CIRCUIT 


5 DIGIT 7 SEG. DISPLAY 
(FLUORESCENT) 


Fig.1 FREQUENCY COUNTER CLOCK CONNECTION DIAGRAM—DIRECT FLUORESCENT DISPLAY DRIVE 
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PIN FUNCTIONS 


Pin No. Name Function 

1 SW Select Selects 29.995MHz counter range when at logic ‘0’. See Mode 
Select truth table. 

2 1.28MHz Clock Master clock input controls timing of whole system. 

3 Output Enable Disables the outputs when taken to logic ‘0’. 

4 — 

5 — 

6-13 Segment Outputs The digits to be displayed are output on these pins in 7 segment 
code. They are at logic ‘1’ to display. These outputs will also drive 
fluorescent, liquid crystal and low current LED displays. 

14 Vss Positive supply. 

15 +Display Mode Input Selects either combined or separate + or — display when in 
channel mode. Logic ‘0’ selects combined mode. In the combined 
mode the horizontal bar is output on segment “g” and the vertical 
bar on segment “f”. In the separate mode the — sign is output on 
segment “g” and the + sign on segment “f”. 

16 Segment Select Invert When taken to logic ‘1’ inverts the Segment Select outputs (Note 
1). 

17 Liquid Crystal Select When taken to logic ‘1’ the output timing is arranged to drive 
liquid crystal displays using two frequency multiplexing. 

18 Reset Master reset to all counters and registers. Resets when at logic ‘1’. 

19-23 Digit Select Outputs D1-D5 These outputs sequentially select the digit to be displayed. They 
are normally at logic ‘1’ to display. The outputs are high voltage 
and are capable of driving fluorescent and liquid crystal displays 
directly. Each digit is on for 4mS. A bonding option gives inverted 
outputs. 

24 Channel Select | Selects channel mode when at logic ‘0’ and SW and MW are at 
logic ‘1’. See Mode Select truth table. 

25 MW Select Selects 2999KHz counter range when at logic ‘0’. See Mode 
Select truth table. 

26 Prescaler Reset This output resets the external prescaler divider, at logic ‘0’ 
during count interval. 

27 Counter Input Frequency measuring input. Frequency range 10KHz to 600KHz. 

28 Vpp Negative supply. 

NOTE: 


1. If the digit invert bonding option is used (bonding to logic ‘1’) the SS! input logic sense will be inverted. 


FREQUENCY COUNTER OPERATION 

The frequency counter section is intended to work with an 
external prescaler. The three frequency ranges require division 
ratios of 8, 80 and 800. The appropriate IF offset is loaded into the 
counter before measuring. The local oscillator must always be at 
a higher frequency than the receiver frequency. 


Measurement period 8mSec 
Reading rate 50 per second 
Master clock frequency  1.28MHz 


Display Range 


D5 D4 D3 D2 


1KHz 


SW SKHz 460 
FM 50KHz 10.7 
300KHz 


NOTES: 

1. Leading zeros are blanked. 

2. In Channel Mode the + or — signs are lit if the receiver is more than 50KHz off tune. 
3. The IF offset is mask programmed and can in principle be made to any value. 

4. In Channel Mode, Channel 0 = 87MHz. 


MODE SELECTION DISPLAY OUTPUT 
The output is in 7 segment form multiplexed into five time slots at 
arate of 50Hz. All the display outputs have high voltage capability 
and will drive fluorescent displays directly. LED displays can 
MW either be driven directly or with simple interfacing depending on 
SW the digit size. 
VHF A pin selected option allows the direct driving of liquid crystal 
VHF/Channel i displays using two frequency multiplexing (125Hz and 8000HZ). 
Counter mode 
Clock 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pin with respect to Vss pin 


(except Segment and Digit Outputs). ............2.. +0.3V to —20V *Exceeding these ratings could cause perma- 
Voltage on Segment and Digit Outputs with respect to Vss pin. . . +0.3V to-35V nent damage. Functional operation of these 
Ambient operating temperature range... ............ 0°C to +70°C devices at these conditions is not implied 


Storage temperature range. ..............884 —65°C to +150°C —operating ranges are specified below. 


Power dissipation: « 2.46444 244 $6 2 8 44 O42 6 ee ewe Poe ce 600mW 


Standard Conditions (unless otherwise noted) 


Vss = +5V +0.5V 

Vpp = —12V +1V (AY-5-8100) or -7V +1V (AY-5-8101) 
Vir == —28V +t2V 

Operating Temperature (T,) = 0°C to +70°C 

Fo = 1.28MHz +0.01% 


Input logic ‘0’ level +0.8 Volts 

Input logic ‘1’ level = =% Volts 

Input load current ; : mA Vin=—Vpp Note 1 
(SW, 1.28MHz, OE, MW, Cl, CH) 

Input sink current ; mA Vin =+Vss Note 2 
(DMI, SSI, LQ, R) 

Input capacitance pF Vin = OV f = 1MHz 

Digit Select Outputs | . 

Logic ‘1’ On Current mA Vour = (Vss —2)V__ Fig.1 

Logic ‘0’ Off Current | pA Vout = (Vi +1)V_ Fig.1 

Segment Outputs | 

Logic ‘1’ On Current mA Vout = (Vss —2)V_ Fig.2 

Logic ‘O’ Off Current pA Vout = (Vu +1 )V Fig.2 

PR Output 

Logic ‘0’ Load = 2TTL gates (3.2mA), 3.3K 

Logic ‘1’ resistor to Vpp, +20pF 

Clock input frequency Note 3 

Clock pulse width logic. ‘0’ or ‘1’ 

Count input frequency . 

Count input pulse width logic ‘0’ or ‘1’ 


Multiplex rate 
Power consumption 


**Typical values are at +25°C and nominal voltages. 

NOTES: 

1. These inputs have resistors of nominally 170Kohm connected to Vss. 

2. These inputs have resistors of nominally 170Kohm connected to Vpp. 

3. For correct frequency readings the clock input frequency must be 1.28 MHz + 0.01%. 


TIMING DIAGRAM 


*—— COUNT PERIOD ——-> 
8mSec 
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OUTPUTS 


SEGMENT 
OUTPUTS 
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Fig.2 FREQUENCY COUNTER/CLOCK CONNECTION DIAGRAN-DIRECT FLORESCENT DISPLAY DRIVE 
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GENERAL 


INSTRUMENT 


AY-5-8300 


AY-5-8302 


AY-5-8310 
AY-5-8320 


TV Display Series 


FEATURES 


@ Channel Display 0 to 15 or 1 to 16 or 00 to 99. 

® 4 Digit Clock Display option. 

® Color character on black background or color 
character on color background. 

® 14 or 24 DIL package. 


OPTIONS 


Character/ 


Part Number Background 


AY-5-8300 0-15 Color/Black 
AY-5-8302 1-16 Color/Color 
AY-5-8310 0-15 or 00-99 Color/Black 


AY-5-8320 1-16 Color/Color 


*The AY-5-8320 is capable of either simultaneous or separate 
time and channel display. 


DESCRIPTION 


The AY-5-8300 series is a family of MOS circuits designed to 
display channel and time information on the screen of a TV set. 
The information is displayed as color characters on a black or 
color background. Channel information is displayed either as a 
single character 0 to 15 or 1 to 16 or as a dual character 00 to 99. 
Time is provided as a 4 digit hours and minutes display. The 
display is positioned at the top right hand corner of the screen, 
the display may be permanent or momentary. 


INTERCONNECT DIAGRAM 
FOR TV TIME DISPLAY 


CLOCK ENAB8LE 


24 23 22 24 20 19 18 17 16 15 14 24 23 22 21 20 19 18 17 16 15 14 


AY-5-1203A AY-5-8310/8320 


® 23 4 5 6 7 8 9 10 4112 23 4 5 6 7 & 9 10 11 12 
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PIN CONFIGURATION 
14 LEAD DUAL IN LINE 


AY-5-8300 


Top View 


Vss (+18V) _|e1 


Cotor Output (! 
Character Output [_] 
Vertical Sync Input [] 
Horizontal Sync Input [| 
2°Channel Input [7] 

2' Channel Input 7] 


AY-5-8302 


Top View 


Vss (+18V) _}@1 


Background Output (J 
Character Output [j 
Vertical Sync Input [ } 
Horizontal Sync Input [| 
2° Channel Input (1 

2' Channel Input [7 


24 LEAD DUAL IN LINE 


AY-5-8310 


— 


Channel Display Enable 
Color Output 
Character Output 

Mx 3 Input 

Mx 2 Input 

Mx 1 Input 

Vertical Sync Input 
Horizontal Sync Input 
2° Clock Input 

2° Channel Input 

2' Clock Input 

2' Channel Input 


~OHOaornoaunnwn @ 


Oo 


AY-5-8320 


Channel Display Enable 
Background Output 
Characte Output 
Mx 3 Input 
Mx 2 Input 

Mx 1 Input 
Vertical Sync Input 
Horizontal Sync Input 
2° Clock Input 
2° Channel Input 
2' Clock Input 
2' Channel Input 


Top View 


Top View 


Display Enable 
1.1MHz Clock Input 
NC 

Voc (GND) 

NC 

23 Channel Input 

2? Channel Input 


Display Enable 
|} 1.1MHz Clock input 


|] 22 Channel Input 
T) 2? Channel Input 


Mx4 Input 

Strobe Input 

Clock Display Enable 
1.1MHz Clock Input 
NC 


Channel Display Mode 


Vac (GND) 

Vss (+18V) 

23 Channel Input 
2° Clock Input 
2° Channel Input 
2? Clock Input 


Mx 4 Input 

Strobe Input 

Clock Display Enable 
1.1MHz Clock input 
Seconds Colon Input 
NC 

Vac (GND) 

Vss (+18V) 

23 Channel input 

2° Clock Input 

2? Channel Input 

2? Clock Input 


PIN FUNCTION 


Name 


Character Output (All types) 
Vertical Sync Input (All types) 


Horizontal Sync Input (All types) 


1.1 MHz Clock input (All types) 


Channel inputs 2°—2° (All types) 


Color Output (AY-5-8300/8310) 
Background Output (AY-5-8302/8320) 
Display Enable (AY-5-8300/8302) 


Channel Display Enable (AY-5-8310/8320) 


Clock Display Enable (AY-5-8310/8320) 
Clock Inputs 2°—2° (AY-5-8310/8320) 


Mx1—Mx4 (AY-5-8310/8320) 


Strobe Input (AY-5-8310/8320) 
Channei Display Mode (AY-5-8310) 


Seconds Colon Input (AY-5-8320) 


AY-5-8300 = AY-5-8302 = AY-5-8310 = AY-5-8320 [=} 


Function 


Defines the character outlines. At logic ‘1’ when displaying a 
character. 


Resets the circuit at the end of each frame. At logic ‘0’ during 
vertical flyback. 


Activates the line counter. At logic ‘0’ during horizontal flyback. 


Determines character position and width. Must be synchronized 
by horizontal sync pulse to prevent ragged edges on character. 


Code i Display Display Display 
0 00 0 0 1 0 8 0* 
0001 1 2 1 1 
0010 2 3 2 2 
0011 3 4 3 3 
0 10 0 4 5 4 4 
010 1 5 6 5 5 
0110 6 7 6 6 
0111 7 8 7 7 
1000 8 9 8 8 
100 1 9 10 9 9 
1010 11 10 — 
101 1 12 
1100 13 
110 1 14 
11441 £40 15 
11411 16 


*00-99 MODE. 


Determines the character color. Goes to logic ‘1’ during a 
character block. 


Defines the background block. At logic ‘1’ when outputting 
background. 


When taken to logic ‘1’, the display is enabled. If an RC network is 
connected to this pin, a momentary display can be obtained. 


When taken to logic ‘1’, the channel dsplay is enabled. If an RC 
network is connected to this pin, a momentary display can be 
obtained. 


When taken to logic '1', the clock display is enabled. 


Multiplexed 4 digit BCD clock data inputs such as available from 
the AY-5-1203A clock circuit. 


Multiplex inputs, at logic ‘1' during multiplex time slot. For the 
AY-5-8310, when operating in the 00-99 channel mode, Mx1 and 
Mx2 time slots are used. 


This input must go to a logic '1' during the middle of each Mx time 
slot to load the clock data into the chip. 


When at logic ‘1’, the 0-15 channel mode is selected; logic ‘0’ for 
00-99 channel mode. 


This input controls the colon between the hours and minutes 
display. When at logic ‘0’, the colon is blanked. If connected to the 
DP output of the AY-5-1203A clock circuit, the colon will flash 
once per second. 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


Voltage on any pin with respect to Vss pin. . 
Ambient Operating temperature range 
Storage temperature range 


ae eee 0°C to +85°C 
Eee —65°C to +150°C 


. +0.3 to —20V 


Standard Conditions (unless otherwise noted) 


Veg = OV 
Vss = +16V to +19V 
Operating Temperature (TA) = 0°C to +85°C 


Clock Frequency = 1.1 MHz'+!10% 


Characteristic 


Vertical Sync Input (Note 1) 


Logic ‘0’ 
Logic ‘1’ 
Rise & Fall Time 


Horizontal Sync Input 
Logic ‘0’ 

Logic ‘1’ 

Rise & Fall Time 
1.1MHz Clock Input 
Logic ‘0’ 

Logic ‘1’ 

Rise & Fall Time 

Pulse width 

Channel inputs (Note 1) 
Logic ‘0’ 

Logic ‘1’ 

Clock Inputs, Multiplex, 
Strobe Inputs 

Logic ‘0’ 

Logic ‘1’ 

input Resistance 
Display Enable Inputs 


Switch point positive edge 


Outputs 

On resistance 
Off leakage 
Turn ON time 


Power 


in| rye |e | ut 


**Typical values are at +25°C and nominal voltages. 


NOTE: 
1. These inputs are diode clamped to Vss. Maximum clamp current 50uA. 
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TIMING DIAGRAMS 


Tee | | | | 
HORIZONTAL 7. | | 


VAMHz 
CLOCK 
0 


Fig.1 INPUT WAVEFORMS 


*Exceeding these ratings could cause perma- | 
nent damage. Functional operation of these 
devices at these condtions is not implied 
—operating ranges are specified below. 


Conditions 


10% to 90% 
Min slew rate 5V/ usec 


10% to 90% 


10% to 90% 
at logic 0 and logic 1 levels 


To Vac 


Vout = Vss —2V 
Vout =0V 
10-90% load 25K & 20pF to ground 


Vss =+19V 


AY-5-8300 = AY-5-8302 = AY-5-8310 = AY-5-8320 [a] 


TIMING DIAGRAMS 


HORIZONTAL 1 


SYNC i 
0 
; 1 2 3 44 45 46 47 48 49 50 
1.1MHz CLOCK Reset eeeetaee 
2 Sf 
CHARACTER 0 sf 
LINES 1-49 
COLOR ) Sf 


7 ce) ee aiana es | 
CHARACTER 0 SS 
1 LINES 50-54 Pee aS ee 
Sf 50 


COLOR 0 


CHARACTER 0 
1 | LINES 55-59 
COLOR 0 


CHARACTER 0 


1 | LINES 60-64 


COLOR 0 
Fig.2a OUTPUT WAVEFORMS (AY-5-8300/8310) 
COLOR CHARACTER ON A BLACK BACKGROUND 
HORIZONTAL ) 
SYNC. 
1 2 3 44 45 46 47 48 49 50 
§ 
CHARACTER & 
LINES 1-48 
BACKGROUND § 
CHARACTER ¢ 


LINES 49-53 
BACKGROUND SS ed L 


CHARACTER 
LINES 54-58 

BACKGROUND 

CHARACTER 
LINES 59-63 

BACKGROUND 


Fig.2b OUTPUT WAVEFORMS (AY-5-8302/8320) 
COLOR CHARACTER ON A COLOR BACKGROUND 
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OPERATION 


The display is positioned digitally in both the vertical and 
horizontal directions. The vertical position is determined by 
counting horizontal sync pulses (the counting is initiated by the 
vertical sync pulse). The timing relationships are shown in Figs. 
2a and 2b. Additionally, for the AY-5-8320, the time display is 
positioned 35 lines further down so that it appears immediately 
below the channel display. 


In the horizontal direction the display is positioned by counting 
pulses from an external 1.1 MHz oscillator which is synchronized 
with the horizontal sync pulse to prevent ragged edges on each 
character. . 


Each character is made up of 15 dots in a 3x5 matrix. With a one 
dot border around each character a total matrix of 35 dots in a 5x7 
format is utilized. Each dot lasts 0.9usec in the horizontal 
direction and is 5 lines high. This gives a rectangular dot and 
characters as shown in Figs. 3a and 3b. 


The various channel/time display formats are illustrated in Figs. 
4,6 and 7. The display positioning on the TV screen is shown in 
Figs. 8a and 8b. 


In the AY-5-8300 and AY-5-8310, the character display is 
controlled by two outputs, Character and Color. The video 
channels are controlled in the following manner: 


(a) Black/white display 
Character Color 


0 0 Normal picture 

1 0 Black (luminance channel full off) 
1 1 Black 

0 1 White 


(b) Black/Yellow display 


Character Color Normal picture 


Other color displays are generated: by suppressing one or two | 
chrominance channels. 


In the AY-5-8302 and AY-5-8320, one video output defines the 
characters and the other a background block. Using these 
outputs, a display of any color character on a background of any 
color may be obtained. 


The channel data is input on four lines; in the O—15 or 1—16 
channel mode, this information is applied in binary from a diode | 
encoder attached to the varactor tuning drivers. Binary numbers 
greater than 9 are detected and displayed as a two digit character. 


In the clock mode, data is entered on a 4 line BCD bus 
multiplexed into 4 time slots. A strobe signal occurring in the 
middle of each time slot is used to read the data into the chip. 
When the AY-5-1203A clock is used it can be directly connected 
to the AY-5-8310 or AY-5-8320 with no external components. The 
AY-5-8310 displays the time with hours and minutes (Fig.6); the 
AY-5-8320 displays the time with hours, minutes and a flashing 
colon for seconds (Fig.7). 


In the 00-99 channel mode the data is entered as a two digit BCD 
number in Multiplex time slots 1 and 2 in the same manner as the 
clock formation. 


1 0 Black (luminance full off) 
1 1 Black (luminance full off and blue suppressed) 
0 1 Yellow (luminance full on and blue suppressed) 


— 
18 


Fig.3a CHARACTER SET 
(AY-5-8300/8310) 


Fig.4 CHANNEL DISPLAY 
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Fig.3b CHARACTER SET 
(AY-5-8302/8320) 


ie cancer 


| 


1.7 2.4 


Fig.5 CHARACTER SIZE 
(25/26 INCH SCREEN) 


AY-5-8300 = AY-5-8302 = AY-5-8310 = AY-5-8320 EI 


rere 


Fig.6 TIME DISPLAY (AY-5-8310) Fig.7 TIME AND CHANNEL DISPLAY 
(AY-5-8320) 


Fig.8a DISPLAY POSITION—CHANNEL (AY-5-8300/8302/8310) OR TIME (AY-5-8310) 


Fig.8b DISPLAY POSITION—SIMULTANEOUS CHANNEL AND TIME (AY-5-8320) 
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AY-5-8410 = AY-5-8411 


GENERAL 
INSTRUMENT 


Ultrasonic Remote Control Transmitter 


FEATURES 


@ 23 channels of information 
@ Direct drive for 40KHz transducer 
® Power consumption only during keying of information. 
@ AY-5-8410 — local control at receiver 
AY-5-8411 — remote control operates on 9V battery 
@ Keyboard bounce protection built in. 
® No external oscillator is required. 
® Local transmitter wire-OR’ed to receiver 


DESCRIPTION 


The AY-5-8410/8411 transmitter provides the electronics to 
transmit 23 channels of information. The transmission is in pulse 
code modulated form. The transmitter will drive a 40KHz 
transducer either directly or via a step-up transformer. When any 
key is depressed battery power is applied to the chip, power is 
removed at the end of the code sequence following the release of 
the key. The requirement for a separate on/off switch is avoided. 
The keyboard is an 8x3 matrix as shown below. Key bounce 
protection is incorporated. A stable on-chip oscillator is also 
provided. 

If a local keyboard is required an additional transmitter chip can 
be used to encode the local keyboard and the chip output can be 
wire-OR’ed with the output from the receiver transducer 
amplifier before being fed to the receiver chip. 


ELECTRICAL CHARACTERISTICS 
Standard Conditions (unless otherwise noted) 
Vss = OV 
Vpp = -9V Nominal (AY-5-8411) 
-15V Nominal (AY-5-8410) 
Operating Temperature (Ta)= -20°C to +70°C 


Characteristic 


Inputs 

Clock 

Output polarity 
Key lines 1-8 
Logic 0 
Logic 1 

Outputs 

Strobes $1,S2,S3 


Ultrasonic output 


standby mode 
transmitting mode 


“Typical values are at +25°C and nominal voltages. 
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TRANSMITTER KEY MATRIX 


Key 

seo ae 
| 0 | Ch 24 
ae ee 
ee ee ee 
Ee ee ee 
[| 4 | 2 | ao 
es ee ee 
a ee 
EE ee ee 


PIN FUNCTIONS 


Key Lines $1, $2, $3 


These key lines form part of the key matrix as shown above and 
are strobe signals which each go low in sequence. 


Key Inputs K1-K8 


Those key lines form part of the key matrix as shown above and 
they are connected to strobe lines S1, S2 or S3 when appropriate 
keys are depressed. 


Ultrasonic Outputs 
The ultrasonic output is a tri state push pull output which goes to | 
logic 1 between trains of pulse in a data block. 


A transducer or step up transformer can be connected between 
the ultrasonic output and Vpp. 


When using the transmitter to encode a local keyboard, the 
output polarity pin should be connected to Vop. This inverts the 
polarity of the ultrasonic output and enables the transmitter 
output to be wire-OR’ed with an output from an ultrasonic 
receiver transducer amplifier, before being fed to an ultrasonic 
receiver. 


Output Polarity 

The polarity of the output is controlled by the output polarity pin. 
With the pin linked to 0 voits the transmitter can be wire-OR’ed 
with a receiver transducer amplifier. 


With the pin linked to Vppb the transmitter output will drive a_ 
transducer or step up transformer. 


OR and GL 

These are the oscillator input pins. The chip frequency is not 
critical except in so far as is necessary to satisfy the requirements 
of the ultrasonic transducers. 


The chip may be driven from an external clock by connecting the 
clock to both GR and @L linked together. 


Ov or Vss 
Ov or positive supply 


Vop 
Negative supply nominally 9 volts. 


Vpu 
This pin is concerned with automatic circuit start up and should 
be connected to Vop by a 1M ohms resistor. 


AY -5-8420 


Sl 
INSTRUMENT 


Ultrasonic Remote Control Receiver 


FEATURES 


63 channels of information 

On board oscillator — external oscillator optional 
Automatic power on clear 

Local control from wire-OR of transmitter 

Error detection is contained 

Output provided to show information being received 


DESCRIPTION 


The AY-5-8420 provides the electronics to produce an ultrasonic 
remote control receiver which with an appropriate transmitter 
can accept up to63 channels of information. An onchip oscillator 
is provided the frequency of which is nonjcritical (@66KHz.) The 
oscillator frequency is set by one external resistor, an external 
oscillator can be used if required. Two outputs are provided to 
indicate that data has been received and is ready for use. 
Automatic internal power-on-clear is provided. 


Error checking bits are transmitted with the code, these are 
interrogated by the receiver and prevent it from accepting 
incorrect data caused by attenuation, reflection or multiple path 
propogation effects. If the first received block of data is not 
accepted due to introduced errors the receiver logic resets and 
attempts to accept the next block. Data blocks are repeatedly 
transmitted whenever the transmitter is keyed. 


ELECTRICAL CHARACTERISTICS 


Standard Conditions (unless otherwise noted) 
Vsg = OV 

Vop = -15V nominal 

Operating Temperature (Ta) = -20°C to +70°C 


Characteristic Conditions 


Inputs 
Clock 
Ultrasonic 
5/6 
Logic 0 
Logic 1 -15 | Volts 
Outputs 
A-F 
LED 
STROBE 


Logic 0 sink current 2V drop 


Chip supply current 
Oscillator frequency 


*Typical values are at +25°C and nominal voltages. 


PIN FUNCTIONS 


Ov 
0 volt or positive supply. 


Vpop 
Negative supply 15V nominal. 


Clock inputs OR, OL 
The clock frequency is determined by the value of resistor 
connected between @R and QL. 


BR and DL may be connected together and overdriven by an 
external clock input. 


Ultrasonic Input 

The ultrasonic input should be driven from an amplifier output 
stage. The receiver is insensitive to input frequency except in so 
far as is necessary to satisfy the requirements of the ultrasonic 
transducers. 

A local keyboard input can be wire-OR’ed. The frequency is set 
to approximately 66 KHz with a single resistor. 


5/6 Control 

This pin alters the function of the receiver to enable it to accept 
data from either a 5 bit or 6 bit transmitter. With the pin not 
connected the receiver functions in 5 bit mode. With the pin 
connected to 0 v the receiver functions in 6 bit mode. 


Outputs 1,2,4,8,16,32 

The six outputs 1,2,4,8,16,32 are latching outputs which retain 
the data until it is replaced by new input data. The outputs are 
open ended and clamp to 0 volts with no output data present. 


The output codes change state midway through the end code 
following correct reception of a data block. 


Power-on-clear sets the outputs to an all ones state when power 
is first applied. 


LED 
This signal can be used to drive an indicator to show that new 
data has been received. 


The LED output is normally at 0 vol and goes open circuit 
simultaneous with the outputs changing. The signal remains in 
this state during the time that the transmitter is keyed and the 
receiver is receiving input signals. The signal goes to 0 volts 32 
m.sec after the input signals cease. 


By gating the LED output with a discrete decode of the outputs 
1,2,4,8,16,32 a signal/is obtained toi drive:an analog function i.e. 
volume up. Such a signal would be present only during the time 
that the transmitter was keyed. 


Strobe 
The strobe output is open ended and clamps to 0 volts. 


The clamp is released 60 w.sec after the data on outputs 
1,2,4,8,16,32 has changed and is re-applied 60 u.sec later. 
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AY-3-8500 AY-3-8500-1 


GENERAL 
INSTRUMENT 


TV Games 


PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


FEATURES 


6 Selectable Games - Tennis, hockey/soccer, squash, pelota 
and two rifle shooting games. 


m 625 Line (AY-3-8500) and 525 Line (AY-3-8500-1) versions. 

s Automatic Scoring D Hit Input 

® Score display on T.V. Screen, 0 to 15. 7} Shot Input 

@ Selectable Bat Size +) Reset Input 

= Selectable Angles Ball Angles (] ] Score and Field Output 

= Selectable Ball Speed palPontentt 

@ Automatic or Manual Ball Service po epee 

: Manual Serve (J ’) Hockey/Soccer 

# Realism Sounds Right Player Output C1 

ws Shooting Forwards in Hockey Game Left Player Output C H Rifle Game 2 

m Visually defined area for all Ball Games. Right Bat Input CO +1 Rifle Game 1 
Left Bat Input ( 3 Clock input 

Bat Size ( _I Sync Output 
DESCRIPTION 


The AY-3-8500 and AY-3-8500-1 circuits have been designed to 
provide a TV ‘games’ function which gives active entertainment 
using a standard domestic television receiver. \ 


The circuit is intended to be battery powered and a minimum 
number of external components are required to complete the 
system. A block diagram is shown below. 


SYSTEM BLOCK DIAGRAM 


Voc e 


CIRCUIT Ba 
FIG.1 | 


*NORMALLY CLOSED ey 


AY-3-8500/8500-1 


Vss => 


TO MODULATOR 
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PIN FUNCTIONS 


Left Bat Input 

Right Bat Input 

An R-C network connected to each of these inputs controls the 
vertical position of the bats. Use a 10K resistorin series with each 
pot. 

Reset 

This input is connected momentarily to Vsg(Logic ‘0’) to reset the 
score counter and start a game. 

Bat Size . 

This input is left open circuit (Logic ‘1’) to select small bats and 
connected to Vss (Logic ‘0’) to select large bats. For a 19” T.V. 
Screen large bats are 1.9” and small bats are 0.95” high. 

Bali Angles 

This input is left open circuit (Logic ‘1’) to select two rebound 
angles and connected to Vsg (Logic ‘0’) to select four rebound 
angles. When two angles are selected they are £20°, when four 
are selected they are+20° and +40°. 

Ball Speed 

When this input is left open-circuit, low speed is selected (1.3 
seconds for ball to traverse the screen).When connected to Vss 
(Logic ‘0’), the high speed option is selected (0.65 seconds for ball 
to traverse the screen). 

Tennis, Hockey/Soccer, Squash, Pelota, 

Rifle Game 1 and Rifle Game 2 

These inputs are normally left open circuit (Logic ‘1’) and are 
connected to Vss (Logic ‘0’) to select the desired game. 


Note: 
pull-up resistors to Voc. 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings” 


Voltage on any pin with respect toVoopin. . . . . —0.3 to +12V 
Storage Temperature Range. ........ —55°C to +150°C 
Ambient Operating Temperature Range ..... 0°C to +50°C 


Standard Conditions (unless otherwise noted) 
Voc= +7 to +9.5V (AY-3-8500) 

Voc = +6 to +9.5V (AY-3-8500-A/A Y-3-8500-1A) 
Voc = +6 to +8.5V (AY-3-8500-B/A Y-3-8500- 1B) 
Voc = +6 to +7.5V (AY-3-8500-C/AY-3-8500-1C) 


Vss= OV 


Characteristic 
at 25°C and Vcc = 9 Volts 


Clock Input 
Frequency 
Logic ‘0’ 
Logic ‘1’ 
Pulse Width —Pos. 
Pulse Width — Neg. —-~- 
Capacitance 
Leakage 
Control inputs 
Logic ‘0’ 
Logic ‘1’ 
Input Impedance 
Rifle Input 
Outputs 
Sync. Logic ‘0’ 
Logic ‘1’ 

Ball. Logic ‘0’ 

Logic ‘1? 
Sound 
Logic ‘0’ 
Logic ‘1’ 
Power Supply Current 


**Typical values are at +25°C and nominal voltages. 


ne ee 


AY-3-8500 = AY-3-8500-1 


Manual Serve 

This input is connected to Vsg (Logic ‘0’) for automatic serving. 
When left open circuit (Logic ‘1’) the game stops after each score. 
The serve is indicated by momentarily connecting the input to 
Vss. 

Shot Input 

This input is connected to Vs, when the Rifle Trigger is pulled. 
Hit Input 

If this input is at Vss when the Rifle trigger is pulled a hit is 
recorded. 

Sound Output 

The hit (32ms pulse/976Hz tone), boundary reflection (32ms 
pulse/488Hz tone) and score (160ms pulse/1.95KHz tone) tones 
are output on this pin. 

Sync Output 

The T.V. vertical and horizontal sync signals are output on this 
pin. 

Bali Output 

The ball video signal is output on this pin thus allowing the 
brightness of the ball to be adjusted relative to the rest of the 
picture. 

Score and Field Output 

The video signals are output on this pin. 

Left Player Output/Right Player Output 

The left and right players are output on separate pins. 


The “Shot” and “Hit” inputs have on-chip pull-down resistors to Vss. All other inputs (except the “Bat” inputs) have on-chip 


"Exceeding these ratings could cause perma- 
nent damage. Functional operation of these 
devices at these conditions is not implied 
—operating ranges are specified below. 


Operating Temperature (Ta) = 0°C to + 50°C 
F Clock = 2.01MHz +1% 


Conditions 


Maximum clock source impedance 
of 1K to Vcc Or Vgs. 


Vin =OV, F = 1MHz 

Vin = +9.5V 

Maximum contact resistance of 1K 
to Vgs. 

Inputs have 100KQ pull up to Vcc 

Pull up to Vcc 

Pull down to Vss 


| out =0.5mA 
lout = 50uA 
| out =0.5mA 
| out = 50uA 
| out =0.5mA 
! out = 50 ywA 
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[=] AY-3-8500 «#8 AY-3-8500-1 


OPERATION 


1) Tennis 

With the tennis game the picture on the television screen would 
be similar to Figure 2 with one ‘bat’ per side, a top and bottom 
boundary and acenter net, the individual scores are counted and 
displayed automatically in the position shown. The detail of the 
game will depend upon the selection of the options. Considering 
the situation where small bats are used and all angles, after the 
reset has been applied, the scores will be 0, 0 and the ball will 
serve arbitrarily to one side at one of the angles. If the ball hits the 
top or bottom boundary it will assume the angle of reflection and 
coniinue in play. The player being served must control his bat to 
intersect ihe path of the ball. When a ‘hit’ is detected by the logic, 
the section of the bat which made the hit is used to determine the 
new angle of the ball. 


To expand on this, all ‘bats’ or ‘players’ are divided logically into 
four adjacent sections of equal length. When using the four angle 
option it is the quarter of bat which actually hits which defines the 
new direction for the ball. 


The direction does not depend upon the previous angle of 
incidence. With the two angle option the top and bottom pairs of 
the bats are summed together and only the two shallower angles 
are used to program the new direction for the ball. 


The ball will then traverse towards the other player, reflecting 
from the top or bottom as necessary until the other player makes 
their ‘hit’. This action is repeated until one player misses the ball. 
The circuitry then detects a ‘score’ and automatically increments 
the correct score counter and updates the score display. The ball 
will then serve automatically from the center line towards the side 
which had just missed. This sequence is repeated until a score of 
15 is reached by one side, whereupon the game is stopped. The 
ball will still bounce around but no further ‘hits’ or ‘scores’ can be 
made. While the game is in progress, three audio tones are output 
by the circuit to indicate top and bottom reflections, bat hits and 
scores. 


2) Hockey/Soccer 

The ‘hockey’ type game is shown in Figure 3, and with this game 
each participant has a ‘goalkeeper’ and a ‘forward’. The layout is 
such that the ‘goalkeeper’ is in his normal position and the 
‘forward’ is positioned in the opponent's half of the playing area. 


MECHANICAL 
TRIGGER D 


eae - 


When the game starts, the ball will appear travelling from one 
goal line towards the other side. If the opponent’s forward can 
intercept the bail, (Figure 3a), he can ‘shoot’ it back towards the 
goal. If the ball is missed it will travel to the other half of the 
playing area and the first team’s forward will have the opportunity 
of intercepting the bail and redirecting it forward at a new angle 
according to the ‘player’ section which is used, (Figure 3b). If the 
ball is ‘saved’ by the ‘goalkeeper’ or it reflects back from the end 
boundary, the same forward will have the opportunity to inter- 
cept the outcoming ball and divert it back towards the ‘goal. 

A ‘score’ is made in the ‘hockey’ game by ‘shooting’ the ball 
through the defined goal area. The scoring and game control is 
done automatically as for the tennis game. The same audio 
signals are used to add atmosphere to the game. 


3) Squash 
This game is illustrated in Fig.4. There are two players who 
alternately hit the ball into the court. The right hand player is the 
one that hits first, it is then the left hand player's turn. Each player 
is enabled alternately to insure that the proper sequence of play 
is followed. 


4) Pelota 
This game is similar to squash except that there is only one 
player. 


5) Rifle Shooting 

This game is illustrated in Fig.5. It has a large target which 
bounces randomly about the screen, a photocell in the rifle is 
aimed at the target. When the trigger is pulled the shot counter is 
incremented, if the rifle is on target the hit counter is incremented, 
a hit noise is generated and the target is blanked fora while. After 
15 shots the score appears but the game can still continue. 


6) Rifle Game No. 2 

In this game the ball traverses the screen from left to right under 
control of the manual serve button. Otherwise the game’is as 
above. 


POS TRIGGER PULSE 
: ys lO PIN 26 


EDGE 
TRIGGER ny 
S.S. 
HIT PULSE 
TO PIN 27 


Ju 
+ O 
PHOTO [— 
CELL 


Fig.1 RIFLE SHOOTING CIRCUITRY 
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AY-3-8500 # AY-3-8500-1 [aj 


eee eee ee cee ee ere oe Bee ee oe ee ee ee oe oe owe 
e 


Fig.3b ‘SHOOTING’ FORWARD 


Fig.4 SQUASH Fig.5 RIFLE SHOOT 
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GENERAL 


INSTRUMENT 


AY -1-0212 
AY-1-0212A 
AY -3-0214 | 
AY -3-0215 
AY -3-0216 
AY-1-1006 
AY -1-2006 
AY-1-1007B 
AY-1-1313 
AY-5-1315 
AY-5-1317A 
AY-1-5050 
AY-1-5051 
AY-1-6721/5 
AY-1-6721/6 


AY-1-0212 AY-1-0212A 


Master Frequency Generator/Top Octave Generator 


FEATURES 


m Wide Input Frequency Range: PIN CONFIGURATION 


1) AY-1-0212—250KHz to 1.5MHz 16 LEAD DUAL IN LINE 
2) AY-1-0212A—250KHz to 2.5MHz 
w Low Impedance Push-Pull Outputs 
Full Musical Scale in One Chip 
m@ Zener Protected Input 


Top View 


DESCRIPTION 


The Master Frequency Generator/Top Octave Generator is a 
digital tone generator which produces, from a single input 
frequency, a full octave of twelve frequencies on twelve separate 
output terminals. 


The M.F.G./T.O.G. consists of twelve divider circuits which divide 
the input by an exact integer to produce a chromatic scale of 
twelve notes. When used in conjunction with an oscillator and 
frequency dividers, a system may be configured which generates 
all the frequencies required by an electronic music synthesizer. 
The AY-1-0212 operates with input frequencies of up to 1.5MHz. 


A premium device designated AY-1-0212A operates up to 
2.5MHz. 


BLOCK DIAGRAM 


fo — 239 
fo + 253 
fo — 268 


fo + 284 


fo + 319 


fo 


IN 
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[al AY-1-0212 @ AY-1-0212A 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


All Pin Voltages with respect to Vss ............ -30V to +0.3V “Exceeding these ratings could cause 
Storage Temperature ............ ccc cece ewes -55°C to +150°C permanent damage. Functional operation of 
Operating Temperature (Tp) <.........-.e ee eeee 0°C to +70°C these devices at these conditions is not 

implied—operating ranges are specified 


Standard Conditions (unless otherwise noted) 
Vss = GND 
See Fig.1 for Vpp.and Vgq Operating Voltages 


DC CHARACTERISTICS 


below. 


Input Leakage at 27V 
Input Positive Level 
Input Negative Level 
Output on Impedance to Vpp 
Output on Impedance to Vss See Note 1 
lag Supply Current 
lbp Supply Current 
AC CHARACTERISTICS 
AY-1-0212 Input Frequency fo See Fig.3 
AY-1-0212A Input 

Frequency fo 
Input Capacitance 1 MHz 
Input Positive Level Width tp AY-1-0212 
Input Negative Level Width tn AY-1-0212 
Input Positive Level Width tp AY-1-0212A 
Input Negative Level Width t, AY-1-0212A 
Output Rise Time tr no load 
Output Fall Time t¢ no load 


** Typical values are at +25°C and nominal voltages. 

NOTE: | 

1. Output impedance measurements are made with 1.0V across 
the device to be measured with 17K Ohm load to —6V. 


OUTPUTS 


Vpp (VOLTS) 


Veg (VOLTS) 


Fig.1 OPERATING VOLTAGES Fig.2 TYPICAL INPUT BUFFER (IF REQUIRED) 
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AY-1-0212 = AY-1-0212A [=] 


TYPICAL CHARACTERISTIC CURVE 


3MHz 


INPUT FREQUENCY 


100 KHZ 


Vgg VOLTAGE 


Fig.3 TYPICAL FREQUENCY VS. Veg VOLTAGE OPERATION 


TIMING DIAGRAMS 


eeacteas ee a asl ss Sr 


EVEN | | 
BIvision 201 INPUT CYCLES 201 INPUT CYCLES | 


fo+402 
OUTPUT a ss 


_TyPICAL pg tron es A 


meant DIVISION | 160 INPUT CYCLES | 159 INPUT CYCLES | 


fo+319 
n=l 
ouTPuT | n=) 4 | 2 | 


2 
n= THE DIVISION NUMBER 


TYPICAL APPLICATION 


FREQ, NOTE 
8368.2 Hz 


aQ 
o 


FREQ. DIVIDERS 


ie) 
@ 
| 

' 

I 

Qa 
°o 


7905.1 Hz 


wo 
eo 


FREQ. DIVIDERS 
FREQ. DIVIDERS 


fo] 
N 


> 
> 


7462.7 HZ 


A 


7042.3 HZ 


> 
r) 


FREQ. DIVIDERS 
6644.5 Hz 


o 


FREQ. DIVIDERS 


6269.6 HZ FREQ. DIVIDERS 


5917.2 HZ 


n 


FREQ. DIVIDERS 
5586.6 HZ 


nm 
a 


FREQ. DIVIDERS 
5277.0 HZ 


m 
a 


FREQ. DIVIDERS 


4975.1 Hz 


oO 


FREQ. DIVIDERS 
4694.8 Hz 


oO 
o 


FREQ. DIVIDERS 


(@) 
ot 


9434.6 HZ FREQ. DIVIDERS 
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GENERAL AY-3-021 4 
AY-3-0215 
INSTRUMENT AY-3-021 6 


Master Frequency Generator/Top Octave Generator 


FEATURES 

mg Wide input frequency range: 100 KHz to 4.5 MHz 

m= Single power supply 

= Full musical scale on one chip 

m Low impedance push-pull outputs 

m Zener protected input.. 

m AY-3-0214: 12 outputs — 50% Duty Cycle (Highest accuracy) 
m AY-3-0215: 13 outputs — 50% Duty Cycle 

w AY-3-0216: 13 outputs — 30% Duty Cycle 


DESCRIPTION 


The General Instrument M.F.G./T.O.G. is a digital tone generator 
which produces, from a single input frequency, 12 or 13 semitone 
outputs fully spanning the equal tempered scale. When used in 
conjunction with an oscillator and frequency dividers such as the 
G.I. AY-1-1007B, a system maybe configured which generates all 
the frequencies required by an electronic music synthesizer. 


BLOCK DIAGRAMS 


fo + 427 
fo + 254 
fo + 269 
fo = 285 
i [ i i j i fo = 302 
fo + 320 
fo fo 
IN iN 
> fo + 339 
fo + 380.5 
fo + 403 
fo + 452.5 
fo = 479.5 


AY-3-0214 
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PIN CONFIGURATION 


16 LEAD DUAL IN LINE 


AY-3-0214 
Top View 


16 LEAD DUAL IN LINE 
AY-3-0215/AY-3-0216 


Top View 


AY-3-0215/AY-3-0216 


fo + 478 
fo + 239 
fo + 253 
fo — 268 
fo +> 284 
fo + 301 
fo + 319 
fo + 338 
fo — 358 
fo + 379 
fo + 402 
fo > 426 
fo + 45! 


AY-3-0214 m@ AY-3-0215 m@ AY-3-0216 [a) 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* “Exceeding these ratings could cause 

permanent damage. Functional operation of 
Voltage on any pin with respect to Vsg ........... +20 to -0.3 these devices at these conditions is not 
Storage Temperature .......... 0. ccc cee cee -§5°C to +150°C implied—operating ranges are specified 
Operating Temperature (Ta) ...........0 eee eeee 0°C to +50°C below. 


Standard Conditions (unless otherwise noted) 


0°C <TA < 50°C 
Vss = 0.0V 
Voc = +10V to +16V 


Clock Input 
Low 
High 
Frequency 
Rise Time 4.5 MHz 
Fall Time 4.5 MHz 
Duty Cycle 
Capacitance 
Outputs 
High 0.25 mA 
Low 0.7 mA 
Fall Time 20K & 500 pf to 16V 
Rise Time 20K & 500 pf to Vss when Vcc = 16V 
Duty Cycle AY-3-0214/5 
AY-3-0216 
Supply current 16V, 4.5 MHz, 25°C 


**Typical values are at +25°C and nominal voltages. 


TIMING DIAGRAMS 


202 202 202 202 L 202 201 202 201 
Clocks Clocks Clocks Clocks Clocks Clocks Clocks Clocks 
404 


Fig.1 TYPICAL EVEN DIVISOR N= Fig.2 TYPICAL ODD DIVISOR N = 403 


227 226 226 226 240 240 240 239 


Clocks Clocks Clocks Clocks Clocks Clocks Clocks Clocks 


Fig.3 TYPICAL EVEN PLUS 0.5 DIVISOR N = 452.5 Fig.4 TYPICAL ODD PLUS 0.5 DIVISOR N= 479.5 


TYPICAL APPLICATIONS 


cg 8369.20 Hz 
clo 16740.78 Hz 16738.40 
(5807.28 15612.10 


14919.86 14927.10 


14080.00 14086.10 
12543.24 12540.60 


4.25216 MHz 
4.008 MHz 


11844.46 


$1835.70 
10551.26 | 10555.30 


9958.22 9951.40 


9397.04 9390.70 
8867.90 8870.20 


AY-3-0214 AY-3-0215/AY-3-0216 
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AY-1-1006 AY-1-2006 


Six Stage Frequency Dividers 


FEATURES 
PIN CONFIGURATIONS 
@ Sine or Square Wave Input 14 LEAD DUAL IN LINE 
m Low Impedance Push-Pull Outputs AY-1-1006 
m Six Divider Stages: 
3-2-1 (AY-1-1006) Top View 
2-2-1-1 (AY-1-2006) H) Output 3+ 4 
Trigger 3 (| 2 |] Output 3,+2 
‘"] Output 2+ 2 
Trigger 2 [ | r} Output 1+ 8 
The AY-1-1006 and AY-1-2006 are monolithic frequency divider AARON Nee 


circuits which utilize MOS technology. Each consists of six flip- 
flops arranged either 3-2-1 (AY-1-1006) or 2-2-1-1 (AY-1-2006) 
and diffused into a single silicon substrate. Each circuit can be 
driven from a sine or square wave input. Each output is a low 14 LEAD DUAL IN LINE 
impedance push-pull output which is capable of driving external AY-1-2006 

circuitry as well as other flip-flops. 


Top View 


APPLICATION H output 1,4 


|_| Output 1+ 2 
LS |_ J Output 2,+2 


|) Output 4,+ 2 


2 [te [4/8 1416 [132 | 164 ~~ staiRsTEP .C. |_| Output 3+ 4 
OUTPUT 


RESISTOR NETWORK 


BLOCK DIAGRAMS 


O TRIGGER 3 6 OUTPUT 1, +2 
2 13 

© OUTPUT 3,2 

CS © OUTPUT.1,--4 
© OUTPUT 3+ 4 14 

TRIGGER 2 OUTPUT 2,2 


O OUTPUT 2,+2 
12 


© OUTPUT 1, -£2 
a 9 OUTPUT 3,4 
© OUTPUT 1, +4 10 


i OUTPUT 1, <8 O OUTPUT 3, 2 


° OUTPUT 4, + 2 


JEN aw) 


1 


AY-1-1006 AY-1-2006 
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AY-1-1006 = AY-1-2006 [=} 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


All Pin Volages with respect to Vss ............. -30V to +0.3V “Exceeding these ratings could cause 
Storage Temperature ............. 0. cece eee -55°C to +150°C permanent damage. Functional operation of 
Operating Temperature (Ta) ...........0 cee eeee 0°C to +70°C these devices at these conditions is not 

implied—operating ranges are specified 
Standard Conditions (unless otherwise noted) pelow: 


-14< Vpp <+0.3V Veg = -2772V Vss = GND 


Characteristic Conditions 
DC CHARACTERISTICS 
Input Leakage 

Input Positive Level 

Input Negative Level 

Output Positive Level 

Output Negative Level 

l¢g Supply Current 

D.C. Noise Immunity (Note 2) 
AC CHARACTERISTICS 


Input Repetition Rate 
Input Capacitance 


VIN = —20V 


Vic == —27V, Vop =-—-12V 
Vac = —27V, Vpp =-—-12V 
Voc = —28V 


Vin = OV 


**Typical values are at +25°C and nominal voltages. 


NOTES: 


1. Outputs may be momentarily grounded (individually) 3. Vpp not used internally. Used for output negative supply only.. 
without damage to the device. 4. Outputs change on the negative transition of the respective 
2. D.C. noise immunity is definded as follows: inputs. 

“4” state N.1. = Vour “1” — Vin “1” = [-10] —[-8] = 2V 

“O” state N.I. = Vin “O” — Vour “O” = [-2] —[-1] = 1V 


INPUT 1 INPUT 1 
TIMING DIAGRAMS Lee el ee eel LAE L LAL Li Li 
er ordi eel ae Ie Vie EVR TAs re elated 
OUTPUT 1,+4 es ee oe ol => ee OUTPUT 1,44 ee, 


Pk af 
dca) ‘a rm] 1 ‘a eet sa T1 1 M7 T 


OUTPUT 2,~2 ser (ees (ce link OUTPUT 2,+2 “ef ae 


OUTPUT 3,+2 rile! ire tae al OUTPUT3,+ 2 og ae ag a aa ee 
OUTPUT 3,74 a) (eres ay |e OUTPUT 3,+4 ~] | 


OUTPUT 4,42 a er oe 
AY-1-1006 AY-1-2006 


CIRCUIT TEST CONFIGURATIONS 


BUFFER OUTPUT TEST LOAD TRIGGER OUTPUT TEST LOAD 
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: Ei 
INSTRUMENT 


7-Stage Frequency Divider 


AY-1-1007B 


FEATURES 


Sine or Square Wave Input 

Low Inpedance Push-Pull Outputs 
Seven Divider Stages 
Power-On-Reset 


DESCRIPTION 


The AY-1-1007B is a monolithic frequency divider circuit which 

utilizes MOS technology. The divider circuit consists of seven 

flip-flops arranged in a 3-2-1-1 configuration and diffused into a 

single silicon substrate. The circuit can be driven from a sine or 

Square wave input. Each flip-flop has a low impedance push-pull 

_ Output which is capable of driving external circuitry as well as 
other flip-flops. 


TYPICAL APPLICATIONS 


ij 
| kek ielele, 


RESISTOR NETWORK ae 
STAIRSTEP 
OUTPUT 


BLOCK DIAGRAM 


ouT*| out*2 
5 6 
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PIN CONFIGURATION 
14 LEAD DUAL IN LINE 


Top View 


|_| Output #7 


|_J input #4 
L_] Output #6 
Input #1 {| |_] Output #5 
Output #1 (| _ Input #3 
Output #2 (J 
Output #3 [|] 


f INPUT | 
LL. 


CIRCUIT TEST CONFIGURATION 


) 
INPUT NUMBERS 1,2,3,4 eee! 


REFER TO TIMING DIAGRAM FOR 
OUTPUT PHASE AND FREQUENCY 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


All Pin Voltages with respect to Vss ............ -~30V to +0.3V “Exceeding these ratings could cause permanent damage. 
Storage Temperature ............ cece cece -55°C to +150°C Functional operation of this device at these conditions is 
Operating Temperature (Ta) ............eeeeeee 0°C to +70°C not implied—operating ranges are specified below. 


Standard Conditions (unless otherwise noted) 
-14 <Vpp <+0.3V Vgq=-27Vit2V) Vss = GND 


Characteristics pin Typ** | max | units Conditions 


DC CHARACTERISTICS 
Input Leakage 

Input Positivie Level 
input Negative Level 
Output Positive Level 


Vin = —20V 


Voc = —27V, Vpp = —1 2V, 


Output Negative Level Voc = -27V, Vop = —12V, 

Ica Supply Current Voc = —25V, 

D.C. Noise Immunity (Note-2) 

AC CHARACTERISTICS 

input Repetition Rate 

input Capacitance Vin =0V 

**Typical values are at +25°C and nominal voltages. 

Notes: 

1. Outputs may be momentarily grounded (individually) without 3. Vpp not used internally. Used for output negative supply only. 
damage to the device. 4. Typical output impedance to Vss or Vpp is 1.2K ohms. 


2. D.C. noise immunity is defined as follows: 
“4” state N.I. = Vour “1” — Vin “1” = [-10] —[-9] = 1V 
“O” state N.I. = Vin “O” —Vour “O” = [-2] —[-—1] = 1V 


TYPICAL TIMING DIAGRAM 
eur 2 “LPL EL 


mer LILLE LLL LLL oureut 4] fof 
oureut | Lr] wet 4 LE LE LS 


oureut 21 fT LL} INPUT 3 j J | | | | | OUTPUT 7 | | 


OUTPUT 3 Whee 8k aa 3) — L_ 
ouTpuT 6 | f | 
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GENERAL 


AY-1-1313 


INSTRUMENT 


Priority Latching Network 


FEATURES 


m@ Low Power Consumption 
= Two or more units may be connected in tandem 


DESCRIPTION 


The AY-1-1313 Priority Latching Network is a LSI subsystem 
designed for use in electronic organ keyboard and pedal latching 


circuits. When any combination of one or more “switch” inputs is 
connected to logic “1” the output switch corresponding to the 
highest priority, or lowest number, input will close, connecting 
the selected frequency to the output frequency bus. The output 
switch will remain closed even if the input switch is released, and 
will remain closed until a new input switch closure occurs. 


BLOCK DIAGRAM 


SWITCH INPUTS 


PRIORITY IN PRIORITY SELECTOR PRIORITY OUT 


AND LATCH 
INHIBIT IN INHIBIT OUT 


OUTPUT SWITCHES FREQUENCY OUT 


FREQUENCY INPUTS 
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PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


Top View 


Switch 6 
Switch 5 
Switch 4 
Switch 3 
Switch 2 
Switch 1 
Ground 


— 


Switch 6 
Switch 8 
Switch 9 
Switch 10 
Switch 11 
Switch 12 
Switch 13 

Voo N.C 

Frequency Out N.C 
Priority IN Priority Out 
Inhibit Out Inhibit In 

N.C. Vac 

N.C. N.C. 

N.C. Frequency 13 
Frequency 1 Frequency 12 
Frequency 2 . Frequency 11 
Frequency 3 Frequency 10 
Frequency 4 Frequency 9 
Frequency 5 Frequency 8 
Frequency 6 Frequency 7 


CONDON aRODN OD 


LOGIC DIAGRAM 


PRIORITY INHIBIT 
OUT IN 


SWITCH FREQUENCY 
3 13 


SWITCH FREQUENCY 
N N 


SWITCH 


FREQUENCY 
N-! N-l 


SWITCH 
2 


FREQUENCY 
2 


FREQUENCY 
I 


ey fr ef 4 


PRIORITY INHIBIT FREQUENCY 
IN OUT OUT 


AY-1-1313 [a] 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings” 


All Pin Voltages with respect to Vsg ........-... -30V to +0.3V *Exceeding these ratings could cause 
Storage Temperature ............. ccc eee eens -§5°C to +150°C permanent damage. Functional operation of 
Operating Temperature (Ta) .............005 -20°C to +70°C this device at these conditions is not 
implied—operating ranges are specified 
Standard Conditions (unless otherwise noted) below. 

Vop = -12+1V 

Vac = -27£1.5V 

Vss = GND 


DC CHARACTERISTICS 
Switch Inputs Impedance 
Priority and Inhibit Inputs 
Impedance 
Input Logic “0” 
Input Logic “1” 
Output Logic “0” 
Output Logic “1” 
Frequency Output Switch 
Impedance — “ON” 
“OFF” 
Ipp Supply Current 
loc Supply Current 


**Typical values are at +25°C and nominal voltages. 


Measured to 
Ground 


Ri = 47K to Vpp 


TYPICAL APPLICATION 


For multiple unit operation, the Priority 
Output of the higher priority unit is 
connected to the Priority Input of the 
lower, and the Inhibit Input of the 


higher priority unit is connected to the 
inhibit Output of the lower. The Priority 
and Inhibit Inputs must be grounded 
when not in use. 


FREQUENCY 
OUTPUT 
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AY-5-1315 


Rhythm Generator 


FEATURES 


Drives 8 instruments 

32 beat long pattern 

6 rhythm selections 

Internal oscillator 

Mask programmable rhythm pattern and pattern length 
Automatic reset for easy chord coupling 


DESCRIPTION 


The AY-5-1315 is a P-Channel MOS IC specifically designed for 
the Rhythm and Percussion section of an Electronic Organ and 
for Automatic Rhythmers. It contains all the logic circuits 
_ necessary to generate six sets of rhythm patterns driving eight 
instruments. The automatic reset feature allows it, when coupled 
with the chord section of the organ, to start on the downbeat 
every time a new chord is played. Selecting multiple patterns will 
result in a combination of the patterns selected. Tempo is 
externally adjustable from slower than largo to faster than presto. 
For added stability of the internal tempo oscillator a = 32 circuit is 
provided. If an external tempo oscillator is used this circuit could 
be mask programmed out of the counter decoder chain. For 
added flexibility the output buffers could be mask programmed 
for either 100% or 50% duty cycle. The AY-5-1315 may be 
operated alone or in conjunction with the AY-5-1317A chord 
generator. 


BLOCK DIAGRAM 


R/C NETWORK Osc 


OR T 
OSC INPUT eee 


RHYTHM ADDRESS 
COUNTER/ 


PATTERN ROM 
DECODER 
PATTERN PATTERN 
SELECT SELECT 
INPUTS CONTROL 
OUTPUT 
BUFFERS 
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PIN CONFIGURATION 
18 LEAD DUAL INLINE 


Top View 


17 |_J Pattern Selection 6 
16 [LJ Pattern Selection 5 
15 |_] Pattern Selection 4 
14 |] Pattern Selection 3 
13 [_} Pattern Selection 2 
12 [} Pattern Selection 1 


A separate publication, “AY-5-1315 Custom Coding 
Information”, available from Gi Sales Offices, describes the 
punched card and truth table format for custom programming of 
the AY-5-1315 memory. 


TYPICAL APPLICATION 


RHYTHM 1g 
SELECT 
SWITCHES 


OUT 1 
ANY KEY 
DOWN R/SS 


OUT 2 
R/S4 ays - 1315 - XXX TO DRUM 
= OUT 3 VOICING 


CIRCUITS 
R/S3 

TOUCH OuT4 

=" CHORD 


SWITCH 
OUT 5 


OUT 7 OUT6 


|” 

TO TEMPO TO CHORD 

LIGHT VOICING 
CIRCUITS 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pin with respect to Vss ......... -20V to +0.3V 
Storage Temperature ............... 02 c eee -65°C to +150°C 
Operating Temperature (Ta) ...........00 00s. -25°C to +70°C 


Standard Conditions (unless otherwise noted) 
Vss ~ S Volts, Vpop = -12 to -18 V 


Characteristic 


Clock input 
Freq. DC 
DC 3/300 
Logic ‘0’ Vpp—4.0 = 
Logic ‘1’ +0.3 a 
Internal osc. freq. 
Rhythm select inputs 
Logic ‘0’ 
Rhythm select inputs 
Logic ‘1’ 
Rhythm select input 
impedance 
Instrument & osc. output 
Logic ‘0’ (Note 1) 


Instrument & osc. output 
Logic ‘1’ 
Power 


**Typical values are at +25°C and nominal voltages. 


| Min | typ | Max | Units | 


100/1000 


4100/1000 


Vop~4.0 


“Exceeding these ratings could cause permanent damage. 
Functional operation of this device at these conditions is 
not implied—operating ranges are specified below. 


Conditions 


with +32 circuit in 
with no +32 circuit 


Set by external resistor & capacitor 


Pulled to Vop 


with internal pull ups to Vpp 
(instrument outputs only) supply- 
ing 0.1 mA 


Sinking 1.0 mA 
Vpp = 15 volts 


NOTE: 1. Open ended devices have a minimum impedance of 500K ohm to GND when in the off condition. 


OPERATION 

The AY-5-1315 Rhythm Generator contains an internal oscillator, 
a clock generator circuit, a 5-bit synchronous resetable 
counter/decoder, and a ROM that drives 8 instruments and the 
reset circuit. By selecting one of the 6 available rhythm patterns, 
the appropriate section of the ROM is enabled. 


If no pattern is selected the reset circuit is activated which stops 
the internal oscillator, inhibits the output drivers and resets the 
counter to count 1. When a selection is made, the outputs are 
enabled which brings out the program as stored in count 1- the 
down beat program. 


The oscillator frequency determines the tempo of the rhythm 
pattern generated. The clock generator generates a 2 phase clock 
$1 and $2. If the internal divide by 32 option is selected 41 is on for 
the first 16 count and $2 is on between count 17 and 32, thus 
producing two non overlaping clocks. If the divide by 32 circuitis 


programmed out, the circuit $1 and 2 will be directly related to 
the ON (logic 1) and OFF (logic 0) time at the clock generator 
input as provided by an external oscillator. The 62 clock drives 
the 5 bit counter/decoder which sequentially turns on one of the 
32 lines of the ROM. 


On the #1 clock, the program out of the ROM is transferred to the 
output thus eliminating decoding spikes at the output. If the 
output of the ROM is a'1’ the proper instrument will be turned on. 
The output drivers are programmed either for 100% duty cycle or 
50% duty cycle. When programmed for 100% duty cycle the 
output turned on will remain on for an entire 61/62 cycle. If the 
next bit in the program is a ‘1’ again, the output will remain on for 
the next cycle without going to zero between cycles. When 
programmed for 50% duty cycle the output will be on during 1 
only and return to zero during ¢2. 
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AY-5-1317A 


Chord Generator 


FEATURES 


= ROOT, 3rd, 5th, 7th Chord Elements PIN CONFIGURATION 
® Additional output for special effects 40 LEAD DUAL IN LINE 
@ Sustain capability 

@ Top key priority 

B Self-contained oscillator circuit 

# Operated with single pole, single throw switch matrix 


Top View 


DESCRIPTION 


The AY-5-1317A is a P-Channel MOS IC which accepts twelve 
basic frequencies (one full octave) and outputs the notes 


necessary to form Major, Minor and Seventh chords. This is the 2 1 7th Output 
only known standard chord generator IC that performs these Root 
functions. The chord elements (ROOT, 3rd, 4th, 5th, 6th, and 7th) AK 

F ; ; a 3rd Output 
can be multiplexed internally to perform special effects such as Sicumtk 
walking bass, rhythm arpegio, alternating bass, etc. The AY-5- Bt 
1317A will operate in conjunction with and, through the KEY B2 
DOWN output, synchronize a rhythm generator such as the . B3 
General instrument AY-5-1315. The AY-5-1317A hasakeyboard ~—. Ele 
priority system with the C Major chord having the highest priority. Et 


F10 
FQ 


BLOCK DIAGRAM 


ROW 


DRIVERS 
RESET SUSTAIN 


SCAN OSC ‘CONTROL ee all -KEYBOARD SCAN 
LOGIC. 
ae 7TH SELECT 


ANY KEY DOWN ; a MUX. 3 FREQUENCY 


OUTPUT OUTPUT 


ENABLE 


INPUTS 
SPECIAL 
EFFECT « | SELECTOR 
OUTPUT: = 
biel ; SPECIAL ; - CHORD 
EFFECTS ELEMENTS 
| s a 


CONTROL 
LINES 
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PIN FUNCTIONS 


1 
2 
3, 36-40 


28 


29 


30 
31 


32 


33 
34 


35 


Ground (Vss) 

Power Supply (Vpp) 
Colurnn Inputs (CI-C6) 
Oscillator Input (OSC) 
Reset (RES) 

Minor Select (m Sel) 


Row Outputs (R1-R6) 
Frequency Inputs (F1-F12) 


Control Inputs (B3-B1) 


5th Output (5th) 


3rd Output (3rd) 


Any Key Down (AK) 
Root Output (Root) 


7th Output (7th) 


7th Select (7 Sel) 
Special Effect Output (MO) 


Sustain (SUS) 


AY-5-1317A [a} 
a 


Ground 

Negative Supply 

Column inputs from Keyboard Matrix 

R/C network connection for keyboard scan oscillator 

A logic ‘1’ (ground) will reset the keyboard scanner, and the 
memorized key 

A Ground on this line changes the 3rd output from Major to 
Minor 

Row outputs to Keyboard Matrix 

These are the input lines for the 12 frequencies (one full 


- octave B thru C) used to generate the chords. 


These 3 lines will be internally latched and decoded to select 
either the ROOT, 3rd, 4th, 5th, 6th, or 7th frequency as the 
special effect output. 

B1 B2 B3 Selection 


0 0 No change from last selection. 
1 ROOT 
0 5th 
1 3rd 
1 7th 
0 4th 
1 6th 


This line will output the 5th frequency element of the selected 
chord. 


This line will output the 3rd frequency element of the selected 
chord. Minor 3rd will be provided if a Minor chord is selected. 
Major 3rd will be provided if a Major or 7th chord are selected. 
This line goes to a logic ‘1’ whenever a chord selection key is 
depressed. 

This line will output the ROOT frequency element of the 
selected chord. 

This line will output the 7th frequency element of the selected 
chord if a 7th chord is selected otherwise the output is logic ‘0’ 
(voltage). 

A ground on this line turns the 7th output on. 


This line will output one of the six frequency elements as 
programmed by the control lines B1-B3. The 7th chord ele- 
ment frequency will be provided independently of the chord 
selection. 

A logic ‘1’ on this line will activate the memory circuit which 
memorizes the last key played. 


TRUTH TABLE FOR SPECIAL EFFECT OUTPUT 
FREQUENCY OUTPUTS 


Chord : 
th th 7th 


C c (+2) | p (+2) | © (+2) | F (2) | Go (#2) | a (+2) | age) 
C# C# (+2) E (+2) | F (+2) F # (+2) G # (+2) Af (+2) B (+2) 
D D (+2) | F (+2) | F# (+2) | G (+2) | A (+2) | B (+2) | C# (+1) 

A#(+2) | c (+1) | CG (+1) 


b# D# (+2) FH (+2) | G (+2) | G#(+2) 
E E (+2) G (+2) G # (+2) A (+2) B (+2) C# (+1) D # (+1) 
F F (+2) G#(+2) | A (+2) | A#(+2) C (+1) D (+1) |. D (#1) 


F# FH (+4) A (+4) | A# (+4) B (+4) C# (+2) D# (+2) E (+2) 
G G (+4) | A# (+4) | B (+4) | C (2) D (+2) E (+2) F # (+2) 
G# G#(+4) | B (+4) | C (+2) | C#(+2) D#(+2) | F (+2) F (+2) 
A A (+4) C (+2) C# (+2) | D (+2) E (+2) | F# (+2) G (+2) 
A# A# (+4) C# (+2) D (+2) D # (+2) F (+2) G (+2) G # (+2) 
B B (+4) D (+2) D# (+2) E (+2) F # (+2) G# (+2) A (+2) 
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[a] AY-5-1317A 
ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Vpn with respecttoVss . . 2... 2. ee ee eee —20V to +0.3V 
Logic Input Voltages with respecttoVss , ...... —20V to +0.3V 
Storage Temperature .............. —65°C to +150°C 
Operating Temperature (Ta)... .......... 0°C to +70°C 


Standard Conditions (unless otherwise noted) 


Vpp = —15V +3V 
Vss = OV (substrate voltage) 
Operating Temperature (Ta) = +25°C 


Characteristic 


Input Logic Levels 

Logic 0 

Logic 1 

Input Capacitance 

Note Outputs 

Logic 0 

Logic 1 

Row Drivers Output impedance 
Control input 

Keyboard Row Input impedance 
Keyboard Scan Frequency 


STANDARD INTERCONNECTION FOR A 3x12 KEY MATRIX 


ANY 
RESET KEY Beet 3RD 


5 31 


AY-5-1317A 
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“Exceeding these ratings could cause perma- 
nent damage. Functional operation of this 
device at these conditions is not implied 
—operating ranges are specified below. 


Conditions 


—8.5 
+0.3V 


10 pf 


50020 
ome Vpp = —15V 
1000K 2 
100KO. 
— 500 pf,750K,Vpp = —15V 


MO. SELECT 


bales Bi B2 B3 


OUTPUT/2 


FROM 
FREQUENCY 
DIVIDERS 


MINOR 


SEVENTH 


AY-5-1317A [a] 


STANDARD INTERCONNECTION FOR A SINGLE ROW KEYBOARD 
WITH SEPARATE KEY FOR MINOR AND SEVENTH 


35 5 30 31 29 28 32 34 


ANY ROOT 3RD STH 7TH 
KEY 


18 eH FROM 
19 FREQUENCY 
va DIVIDERS 


AY-5-1317A 


VOD 


33 MA SELECT 
27 126} 25 


Hiigeas “ 


c c#p pte F F#G Gta aA#tsB 
MINOR 7TH 
SELECT SELECT 


6 
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| AY-1-5050 _ AY-1-6721/5 
INSTRUMENT | AY-1 -5051 AY-1 -6721 /6 


4-5-6-7 Stage Frequency Dividers 


FEATURES 
= DC to 1 MHZ operating frequency range. PIN CONFIGURATIONS 
@ Diode protection on all inputs. 14 LEAD DUAL IN LINE 
= Low output impedance in both states. AY-1-5050 
a Choice of configurations: 
1) AY-1-5050: 7-Stage Frequency Divider, 3+2+1+1 Top View 


2) AY-1-5051: 4-Stage Frequecy Divicer, 2+1+1 
3) AY-1-6721/5: 5-Stage Frequency Divider, 3+2 
4) AY-1-6721/6: 6-Stage Frequency Divider, 3+2+1 
12 |} Out Bi 
11 [ } Out Be 


DESCRIPTION 


The AY-1-5050, AY-1-5051, AY-1-6721/5 and the AY-1-6721/6 are 
constructed on monolithic silicon chips using MTOS (Metal- 
Thick-Oxide-Silicon) P-Channel Enhancement Mode Field 
Effect Transistors. All circuits can be driven from a sine or square 
wave input. The different types all have the same specifications 
and are fully compatible with one another. 


10 LEAD 
AY-1-5051 


BLOCK DIAGRAMS 


INA QUTA, OUTA2 guTAs 


OUT B, OUT B2 INC OUTC IND OUTD 


AY-1-5050 
10 LEAD 


AY -1-6721/5 


OUT B INC OUT C 


AY-1-5051 


OUT A, OUTAz OUT A3. 


12 LEAD 
AY-1-6721/6 


INB OUT By OUT Bp 
AY-1-6721/5 


OUTA2  OUTA3 


GND 7 OutCc 
InA 8 Vopo 
Out A, 9 Out Be 
Out Ao 10 OutB, 
OutA, 11 InB 
Inc 12 Vac 


OUT B, OUT Bz INC QUT C 


AY-1-6721/6 
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AY-1-5050  AY-1-5051 « AY-1-6721/5 = AY-1-6721/6 [=] 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


Drain Voltage: ssh ow Sk we ee ae wh —30V to +0.3V 

Gate Voltages. 52 ais iwes hoe oo ee we RS Bw Wd ww & SD —30V to +0.3V “Exceeding these ratings could cause perma- 
DatalnputVoltage. ........0.0..02.0..0202220020242 —30V to +0.3V nent damage. Functional operation of these 
Storage Temperature... .........0...0. 0004 —55°C to +150°C devices at these conditions is not implied 
Operating Temperature (Ta)... 2... 2... ee 0°C to +70°C —operating ranges are specified below. 


Standard Conditions (unless otherwise noted) 


Vpp = -13V +1V Ci = 10 pF 
Voc = -27V +1V Operating Temperature (Ta) = +25°C 
Ri = 1M Ohm 

Data Input 


Logic “0” level 

Logic “1” level 

Data Input operating freq. 
Data Input Pulse width 
— “0” level 

— “1” level 

Input Leakage 

Output Parameters 
Logic “0” level 

Logic “1” level 

Drive Capability 


Sine or square wave 


— “Q” level Sinking current = 0.5 mA 

— “1” level Ri = 100 KO 

— “1” level Ri =10 KO 

Data output Rise and Fall time 

Current Drain 

ere) Vog=-27V 

Ipp 
**Typical values are at +25°C *** Vpp is only used for the push-pull outputs therefore Ipp is equal to the sum of load currents. 
and nominal voltages. This separate Vpp enables tremulant to be introduced in the electronic organ application. 


TIMING DIAGRAM 


NOTE: The AY-1-5051 outputs change state on the 
negative going edge of the clock. All others operate as 
shown. 
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GENERAL 


INSTRUMENT 


AY -5-1230 
CT7000 


GENERAL 


AY-5-1230 


INSTRUMENT 


Clock / Appliance Timer 


FEATURES 
a 4 Digit Clock. en CONFIGURATION 
m Drives 7 segment Fluorescent Displays. 8 LEAD DUAL IN LINE 
= Programmable switch on and switch off times. 
m@ Repeating or non-repeating operation. 
= Dimming control. TOP view 
mw Power on reset, remains reset until time is set. . Vss(GND) 4 @1 Inhibit Input 
m Foolproof switch on/off setting, if switch off time not StS a act dae Bend Seaman 
; Repeat Input Vpo 
programmed output stays on for 10 minutes only. Set ON Output Cancdliiout 
m Non multiplexed set inputs for low radiated noise. Set OFF Output ON/OFF Input 
m Indication of set alarm state. Clock Input Multiplex Oscillator 
Set Minutes Input Switch Output 
Set Hours Input MX; Output 
Vii (Display Supply) MXe2 Output 
Seg. G Output MX3 Output 
Seg. F Output MX, Output 
Seg. E Output/Strobe Out Colon Output 
DESCRIPTION Seg. D Output/2° Out Seg. A Output/2? Out 


Seg. C Output/2' Out Seg. B Output/2? Out 
The AY-5-1230 Clock/Appliance Timer is a circuit designed to 
provide a four digit clock display and automatic on/off switching 
of a TV or other appliance at any desired time. 


BLOCK DIAGRAM 


SET ON TIME/ 
SET OFF TIME SET ON SET OFF ON/OFF 
INPUT QUTPUT OUTPUT REPEAT CANCEL INPUT 


ON/OFF SWITCH SWITCH _ 
LOGIC SWITCH OUTPUT 


MEMORY 
MULTIPLEX OSCILLATOR 
SET ee 
MINUTES TIME SET idiatil 
SET LOGIC Vit 
HOURS INHIBIT 
HOURS/ SEG.A-G/BCD & 
des MINUTES STROBE OUTPUTS 


DECODE COLON OUTPUT 


BCD/7 SEGMENT 
SELECT 
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PIN FUNCTIONS 


22. 


23. 


24. 


25. 


26. 
27. 
28. 


NOTE: 


Vss 
Set ON time/Set OFF time Input 


Repeat Input 


Set ON Output 


Set OFF Output 


50Hz Clock Input 


Set Minutes Input 


Set Hours Input 


Vit (Display supply) 
7 Segment Outputs 


BCD Outputs 
Colon Output 


Mx1-Mx4 Outputs 


Switch Output 


Multiplex Oscillator 


ON/OFF Input 


Cancel Input 


Vpp | 
BCD/7 Segment Select 
Inhibit Input 


1. All inputs have a pull down resistor to Vac 
2. At power-on the chip is reset but the clock does not start to count until either the set hours or set minutes button has 


been pressed. 


AY-5-1230 [=] 


Function 


Positive Supply 

When taken to logic ‘0’ the ON time is displayed and the Set 
hours and Set minutes inputs operate the ON time counter. 
When taken to logic ‘1’ the OFF time is displayed and the Set 
hours and Set minutes inputs operate th. OFF time counter. 
When left open circuit the time is displayed. When either Set 
ON or Set OFF is activated the Switch logic is set and the 
switch output will operate at the set times. 


When connected to logic ‘0’ the Switch output comes on every 
24 hours. When left open circuit the Switch output comes on 
only once after which the Switch logic is reset. The switch 
logic can be set again by pressing Set ON and Set OFF. 

This output goes to logic ‘0’ when an ON time has been set. It 
returns to ‘1’ when the switch logic has timed out or has been 
cancelled. 

This Output goes to logic ‘0’ when an OFF time has been set. It 
returns to ‘1’ when the switch logic has timed out or has been 
cancelled. 


The timing clock is input to this pin. Hysterisis is provided so 
that the input waveform is not critical. 


When this input is taken to logic ‘0’ the minutes counter is 
advanced twice per second. During setting the minutes coun- 
ter does not overflow into the hours counter. 


When this input is taken to logic ‘0’ the hours counter is 
advanced twice per second. 


The on chip pull up resistors provided for each high voltage 
output are connected to this pin. When driving fluorescent 
display this pin is connected to —32 Volts. 


High voltage outputs capable of driving fluorescent displays 
directly. At logic ‘0’ to display. They have on-chip pull down 
resistors to V... 

in the BGD mode the time data is output on these pins. 


This high voltage output is enabled on Mx3 time and flashes 
once per second. 


These outputs are switched to logic ‘0’ successively to select 
the digits, Mx4 is 10s hours, Mx1 is units mins. There are 5 time 
slots the fifth being blank. These outputs are high voltage and 
have on-chip pull down resistors to V.,. 

This output goes to logic ‘0’ when the ON time is reached and 
returns to logic ‘1’ when the OFF time is reached. If an OFF 
time has not been programmed the output will return to logic 
‘1’ ten minutes after the ON time has been reached. The output 
willsink 30mA. 


Not used normaily. An external capacitor can be connected to 
reduce the mux frequency, or an external clock can be applied 
if required. 
When this input is taken to logic ‘0’ the switch output is 
alternately turned ON and OFF. This input has antibounce 
logic to prevent maloperation. | 

When this input is taken to logic.‘0’ the Switch logic is reset 
and the Switch output turned off. 

Negative supply 15V nom. (17-19V) 

When this input is wired to logic ‘0’ BCD operation results. 
When this input is taken to logic ‘0’ display outputs are 
switched off. This input can be used for display dimming. 


[=] AY-5-1230 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings” 


Voltage on any pin (except display pins) 


with respect toVsspin. . 2. 2 2. 1 we ee es +0.3 to -20V 
Voltage on display pins with respect toVsspin. .......... +0.3 to —35V 
Operating temperature range .............22542 287 °C to +70°C 
Storage temperature range. ..............08.., —55°C to +150°C 


Standard Conditions (unless otherwise noted) 


Vss = OV 

Vpp = —11 to -19V 

Vit = —31 to -33V 

Operating Temperature (Ta) = 0°C to +70°C 


Characteristics 


Clock Input 
Frequency 
Logic ‘0’ 
Logic ‘1’ 
Multiplex Clock Frequency 
Control Inputs 
Logic ‘0’ 
Logic ‘1’ 
Pull Up Resistance 
Segment Output 
Logic ‘0’ 
Logic ‘1’ 
Mx Outputs 
Logic ‘0’ 
Logic ‘1’ 
Pull Up Resistance 
Switch Output 
Logic ‘0’ 
Logic ‘1’ 
Set ON, OFF Outputs: 
Logic ‘0’ 
Logic ‘1’ 
Power 


**Typical values are at +25°C and nominal voltages. 


NOTE: 


1. The clock input may be taken positive provided that the current is limited to 100uA 


2. This results in a multiplex rate of 5KHz. 
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“Exceeding these ratings could cause 
permanent damage. Functional operation of © 
this device at these conditions is not. 
implied—operating ranges are specified 
below. 


Conditions 
Note 1 
Note 2 
to Vpp 
lout = 2mA 
Vour = —35V 
lout= 5mA 
Vout = —35V 
to Vir 
lour = 30mMA 
Vout = —19V 
lour =2mA 
Vout = —19V 


AY-5-1230 [=} 


SET HOUR 
SET MIN 
OFF LED 


as SET ON TIME 


21 ‘“ © RUN/SET CLOCK 
SET OFF TIME 


AY-5-1230 


O TRIAC OUTPUT 


iL iD 
ors) 
> Zz 
Zz < 
O6 


115 


CT7000 


GENERAL 
INSTAUMENT 


Appliance Mini-Timer 


FEATURES 


m@ Three modes of operation: 


1) Microwave oven control with selectable cycles—up to 
100 minutes. 

2) Down count timer—up to 100 minutes. 

3) Up count timer—up to 10 hours. 

Four digit 7-segment display with direct drive or segments. 

Four direct sink single LED’s as mode indicators: 

1) COOK mode with 100% duty cycle. 

2) SLOW COOK mode with selectable duty cycle at 
10% increments. 

3) DOWN COUNT mode. 

4) UP COUNT mode. 

Positive feedback for a higher degree of safety. 

Resonator as an alternative frequency source. 

Low power dissipation. 


DESCRIPTION 

The Appliance Mini-Timer is a N-Channel integrated circuit 
containing all the logic necessary for a multifunction timer. Its 
features are especially adapted for operating as a microwave 


oven timer. As a general timer, it can receive its frequency source 
from the 60 Hz AC line or acrystal/resonator source. It is capable 


BLOCK DIAGRAM 


DUTY 


COOKSCR DRIVERS 


of operating in up count or down count modes which are 
interchangeable by pressing a stop key and then the key of the 
mode desired. The remaining time is not lost and is constantly 
being displayed. Count time can also be altered as the keyboard 


_ is equipped with a reset key. When the count down sequence is 


finished, a gentle buzz is generated indicating the end of the 
cycle. The count down sequence can also be initiated by an AC 
switch supplying a 60 HZ source to the Timer. Then by positive 
feedback action, the 60 Hz is sustained even after this switch is 
released. 


This count down mode is especially adapted for the microwave 
oven and the positive feedback action ensures a higher degree of 
safety. The cooking duty cycle can be selected through the 
keyboard. The range is from 10% to 90% in 10% increments. The 
100% duty cycle is the default value when no selection is 
indicated. When the 60 Hz source is discontinued through a stop 
switch or the opening of the oven door, the count down stops but 
the remaining time continues being displayed. The duty cycle 
can now be examined or altered before re-initiation of the cycle 
through the start switch. Furthermore, through the use of mask 
programming techniques, the duration of a cycle can also be 
selected. It is from 10 seconds to 60 seconds at 5 second 
increments. The Appliance Mini-Timer is offered in a 40 pin 
plastic DIP. 


LT SEGA-SEGG LED 1-LED 4 


DISPLAY DRIVERS 


CONTROL OSC 
ROM SELECT 


CYCLE 
CONTROL 
DATA 
OSIN 1- 
SAVSCR REGISTERS 
OUTPUT OSIN 2 


KEYOUT 1—KEYOUT 4 KEYBOARD SCAN 


AND 


KEY IN 1—KEY IN 4 DECODE CIRCUIT 
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ARITHMETIC 
LOGIC AC IN 
ARRAY 


EXTRC 


START 


PIN FUNCTIONS 


Vss 

LED 1TOLED4 

SEG ATO SEGG 

LT 

KEY IN 1 TO KEY IN 4 


START 
BUZZER 
KEYOUT1 TO KEYOUT4 


OSC SELECT 


AC IN 

OSIN1 AND OSIN2 
EXTRC 

SAVSCR 
COOKSCR 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pin with respecttoVss. ..... 
Storage temperature. ............04.4. 
Operating temperature. ............ 


Standard Conditions (unless otherwise noted) 


Vss = 0 Volts 
Vpp = +4.5 to +14 Volts 


+4.5 to +14 volts supply 

Ground 

Digit drivers 

Segment drivers 

Mode indicator LED driver 

Keyboard sinking inputs forming the horizontal scan for the 
keyboard. 

Input for 60 Hz AC signal or ground to initiate start of a COOK or 
SLOW COOK cycle 

2 KHz signal output for 2 to 3 seconds at the end of a count down 
cycle. 

Keyboard sourcing outputs forming the vertical scan for the 
keyboard. 


Select oscillation source 
‘1’: AC source 
“0” : resonator source 


AC source input for time base. 

Resonator/crystal inputs connecting to resonator/crystal directly. 
Connection for external resistor and capacitor. 

Positive feedback output for driving SCR used to control switch relay. 
Output for driving SCR used for sinking magnetron tube. 


“Exceeding these ratings could cause 
permanent damage. Functional operation of 


te gn oh 2: cenit ies oo 18V to —0.3V this device at these conditions is not 
os ie a OY ~55°C to +150°C implied—operating ranges are specified 
ak arta, S —25°C to +70°C below. 


Input logic ‘1’ 

Input logic ‘0’ 

Output logic ‘1’ 

Output logic ‘0’ 

Clock frequency (time base) 


High frequency 


Buzzer frequency 


*“Typical values are at +25°C nominal voltages. 


AC operated 
crystal/resonator 
Resistance=100K ohms 
capacitance=30 pfd 
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GENERAL 


INSTRUMENT 


AY -5-9100 
AY -5-9200 
AY -5-9300 
AY -3-9400 
AY -3-9410 
AY -5-9500 
AY-5-9800 


, AY-5-9100 


Push Button Telephone Dialler Circuit 


FEATURES | 


PIN CONFIGURATION 
18 LEAD DUAL-IN-LINE 


20 Digit Storage 

Selectable dialling rate 

Selectable mark/space ratio 

Selectable Inter-Digital Pause 

Dynamic circuitry—less than 2 mw power consumption 
Re-dial of last number 3 ean 
Access Pause Facility 


: ; , Re-dial Output (] @1 1.D.P. Select 
Companion Repertory Dialler chip (AY-5-9200) 


Access Pause Output [| Inhibit Input 


Strobe Output 

DESCRIPTION Muting Output [| Mark/Space Select 

. Keyboard Strobe [] Line Output 
The AY-5-9100 Push Button Dialler provides all of the logic 
required to convert a push button input to a series of pulses 
suitable for simulating a telephone dial. Pulse repetition rate, $2 
interdigital pause, and mark-space ratio are all programmable. $1 
Outputs are provided for line pulsing and muting. An “inhibit 
input” is provided to allow storage of one number of up to 20 
digits. An “Access pause” capability is provided to allow automa- 
tic operation with a PBX or WATS line system. The low (<2 mw) 
power consumption enables line-powered operation in a PBX or 
similar system. The AY-5-9100 may be operated alone or in 
~ conjunction with the AY-5-9200 repertory dialler. 


Dialling Rate Control 


Vss 


BLOCK DIAGRAM 


Cl 


OUTPUT 
LOGIC 
wc2 4x 21 BIT SHIFT 


FRO SECONDARY 
KEYBOARD ¢3 Seas DIVIDER 


c4 


MARK /SPACE 
SELECT 


N 
KEYBOAR PRIMARY DIALLING RATE 
O STROBE OGIC DIVIDER CONTROL 


RESET 
INHIBIT 
INPUT 


MUTING STROBE REDIAL ACCESS 
PAUSE 


120 


PIN FUNCTIONS 


Pin.No. 


1. 


NOTE: 


Name/Description 


Re-Dial Output 

A logic “0” at this output indicates that redial mode has 
been selected. 

Access Pause Output 

Alogic “0” at this output indicates that an access pause 
is required. 

Reset 

A logic “0” on this input clears all shift registers and 
resets all counters. Reset should be applied after power 
on to clear the device. 

Muting Output 

The muting output goes to logic “O” whenever data is 
being entered or transmitted. It returns to logic “1” 
when the access pause output turns on and when 
transmission is complete. 

Keyboard Strobe 

This is the common signal from all of the keys. A logic 
“O” on this input indicates that either the inhibit input or 
C1-C4 are to be read. 

C1-C4 

These are the keyboard data inputs. They are encoded 
as follows to allow simple interface with a standard 
push button (2-of-7) keyboard. 


Digit Impulses C1 C2 C3 C4 
1 1 1 1 1 1 
2 : 1 1 0 
3 3 1 1 @) 1 
4 4 1 0 1 1 
5 5 1 0 1 0 
6 6 1 0 0 1 
7 7 0 1 1 1 
8 8 0 1 1 0 
9 9 0 1 0 1 
0 - 10 qh. 1 0 0 
Access Pause. — 0 0 1 1 
Vss ; 
1 
$2 


Dialling Rate Control 
This input controls the line pulsing frequency as fol- 
lows: (See Note 4): 


Input Line Pulse Rate 
1 600 p.p.s. 
o2 : 20 p.p.s 
Vss 10 p.p-.s 


AY-5-9100_ [=) 


Pin.No. Name/Description 


14. 


15. 


16. 


17. 


Line Output 

A logic “0” on this output is a line pulse “mark” or 
“break.” 

Mark/Space Select 

The mark to space ratio is controlled, by this input as 
follows: “y 


“Input Mark Space 
gf 70 30 
p2 50 50 

Logic 0 66 7/5 33 %5 
Logic 1 60 8 40 


These ratios are exact and do not depend on clock 


‘frequency. 


Strobe Output 


_ This output goes to logic “0” to indicate that a digit is 


being out-pulsed. 

Inhibit Input — 

The inhibit input is used to inhibit out-pulsing ‘and to 
place the device in re-dial mode. 


_ The keyboard strobe must be taken to logic “0” at any 


time the inhibit input is strobed, except when an Ac- 
cess Pause is being signalled. 

This input normally operates as a “toggle flip-flop”. If it 
is taken to a logic “1” any time other than when an 
access pause is being signalled, the circuit will lock into 
the redial mode and the redial output will go to logic 
“0”. The chip will remain in the re-dial mode until this 
input is taken to logic “1” again. 


If the chip is cleared before inhibit is toggled, digits 
entered are accepted, but out-pulsing does not com- 
mence until the inhibit is re-strobed. If a number is 
being outpulsed when the inhibit is strobed, dialling 
ceases until the inhibit is re-strobed. If the inhibit is 
strobed when a dialling sequence is completed, the re- 
dial output goes to logic “O” and the number is stored. 
Re-strobing the inhibit starts the dialling sequence. 


When an access pause is signalled, this input no longer 
operates as a toggle, but rather as a gate, with a logic 


“4” inhibiting further out-pulsing. 


This input controls the inter-digital-pause as follows: 
(See Note 1): 


Input 1.D.P. 
10 p.p.s. 20 p.p.s. 600 p.p.s. 
o2 400 mSec 200 mSec 6.66 mSec 
Vss 800 mSec 400 mSec _— 13.33 mSec 
1 1000 mSec 500 mSec 18.33 mSec 


A pre-digital pause equal in length to the inter-digital 
pause precedes the first digit of any number. 


1. Line Pulse Frequency and Inter-Digital Pause are specified with an 18 kHz clock frequency. 


TYPICAL APPLICATION 


NOTES 
ALL RELAYS 12v, 250.0 
ASTERISK KEY iS INHIBIT INPUT 


\ GENERATOR cs 
Bese 


HOOK 
SWITCH 


TO MUTING 
SWITCH 


Voo 


TO LINE 
SWITCH 
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[a] ~ AY-5-9100 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings’ 


Input Voltages (with respect to Vss) . . . . .. —20V to +0.3V “Exceeding these ratings could cause 
Storage temperature. .... . a ee —65°C to +150°C permanent damage. Functional operation of 
Operating temperature... ........ —55°C to +80°C this device at these conditions is not 

implied—operating ranges. are specified 


Standard Conditions (unless otherwise noted) 

Vss = OV 

Ta = —55°C to +80°C 

Negative logic conventions are followed for this data sheet. 


Clocks (see Fig. 1) 


below. 


Logic‘t’ 

Logic ‘0’ Match clocks within 0.5V 
Frequency See Note 2 

Capacitance Each clock input, V@= OV, f= 1MHz 
Rise Time 

Fall Time 

Leakage Vod=—16.5, Ta=+80°C 

Pulse Width 


Pulse Separation 

Ail Outputs (Note 3) 

On Resistance (Logic ‘0’) 
Off Leakage (Logic ‘1’) 
Line Output (See Fig.3) 
Strobe-Line Delay 
Line-Strobe Delay 


Von =~—1 volt 
VoLt=—10V. Ta=25°C 


MARK/SPACE = 66 2/3-33 1/3 
(to increases for other 
MARK/SPACE RATIOS) 
Muting Output (See Fig.3, 4) 
Line-Muting Delay MARK/SPACE = 66 2/3-33 1/3 
(tmincreases for other 


MARK/SPACE RATIOS) 
Ali Inputs (Except Reset) 
Logic ‘1’ 
Logic ‘0’ 
Leakage Vi=—16.5, Ta = 25°C 


Rise and Fall Time 

Capacitance 

Keyboard Strobe Input (See Fig.2) 
Pulse Width 


Vi = OV, F = 1MHz 


Effective only when RESET input is 
at Logic ‘1’ 
Reset Input (See Fig.2) 


Logic ‘1’ 

Logic ‘0’ 

Leakage Vin = —16.5, Ta = 25°C 
Capacitance Vin = OV, f = 1MHz 

Fall Time 

Delay Time After clocks reach full amplitude 
Power Vod= 16.5V 


**Typical values are at +25°C and nominal voltages. 


NOTES: 
2.Line Pulse Rate depends.upon frequency of clock input. Standard clock frequency is 18kHz. 
3. Outputs require external pull-down resistors (47k. typical). 


ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE 


-15V 
Se Gee al 
18 17 16 15 1413 12 {1 10 
47K 
AY-5-9100 


!234567 89 


FROM DIAL TONE 
DETECTOR OR TIMER 
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OPERATION 

The 4 bit code from the keyboard arrives on inputs C1-C4 of the 
Push Button Dialler. A fifth input from the keyboard, the Key- 
board Strobe, is also required. In its quiescent state the five 
inputs are at logic 1 (—volts). A logic 0 on the Keyboard Strobe 
input indicates to the input circuitry that it is to read the data on 
C1-C4, thus allowing 1111 as an allowable code from the 
keyboard. 


When a digit key is depressed the input logic detects the 1-0 
transition on the Keyboard Strobe input. When this occurs a timer 


with a minimum count time of 8.5 mSec is started. If the common 
input is removed before this period has elapsed, the counter will 
be reset to its starting state. If the Keyboard Strobe input is stable 
for at least 8.5 mSec, the code is fed to the code verifier and 
converter. 


If the code is invalid, it is ignored. If valid it is converted to the 
proper BCD code and written into recirculating shift registers R1- 
R4. If an access pause is decoded, it is written into the access 
pause register. 


Simultaneous with the data being written into R1-R4, the muting 
output goes to logic “0”, to disconnect the transmission circuitry. 
When all digits that have been keyed into the circuit have been 
dialled out the muting output returns to logic “1”. 


TIMING DIAGRAMS 


Fig.1 Clock Waveforms 


MUTING 


PRE 
“oiciTAL f= 


INTER 
DIGITAL F=- 
PAUSE PAUSE 


ie ee ee 


AY-5-9100 [=] 


During dialling if an access pause is required, the muting output 
will reconnect the transmission circuitry so that the caller can 
listen for the dial tone and ensure himself that the system is 
functioning correctly. 


The digit store has a capacity of 20 digits. The numbers are read 
non destructively allowing redial. 

Four 21 bit registers hold the number in BCD format; the 
number is stored in parallel. A fifth register holds a marker bit 
(Signified as A) showing the first number entered. This fifth 
register has a gated 22nd bit allowing the marker bit (A) to be 
‘slipped’ backwards one bit with respect to the number. Gating 
ensures that all numbers are sequentially entered, the first align- 
ing itself with the marker A. When the first number is to be loaded 
into the counter, A is decoded in its 21st position and the parallel 
enable signal reads the first digit into the counter. Gating is 
enabled to allow A to be shifted through the 22nd bit of the 
marker store, so aligning itself with the next number to be dialled 
out. When A is decoded at the 21st bit and no number is in the 
stored digit register, A remains aligned in this state until ‘redial’ is 
depressed and the marker store goes into its 22nd bit mode until 
A aligns with the first digit. 


Gating ensures that only 20 digits are entered into R1-4. One 
empty state at least is required to indicate to the system that a 
number is complete. 


Fig.2 Reset and Keyboard Strobe Timing 


coo Mf] ————-ANI] 


CLOCK | REACHES 
FULL] AMPLITUDE 
laa ——-| 


KEYBOARD 
STROBE 


Fig.4 Line, Muting and Access Pause Output Timing 
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AY-5-9200 


GENERAL 
INSTRUMENT 


Repertory Dialler 


FEATURES 


@ Stores 10 x 22 digit telephone numbers, including 
access pauses. 

® Devices can be ‘stacked’ to give a store expandable in blocks 
of 10 numbers. 

= Operates in conjunction with the AY-5-9100 

Push-Button Dialler. 

Single or Dual Keyboard operation. 

Interfaces to standard MF Tone Dialler Keyboards. 

Applications in Repertory Diallers and Security Systems. 

Will operate MF Tone Diallers such as the AY-3-9400. 

Low power consumption, typically 2.25mW. 


DESCRIPTION 


The AY-5-9200 is a 10 number store designed to work in conjunc- 
tion with the AY-5-9100 Push Button Telephone circuit to form a 
Repertory Dialler, each of the 10 numbers containing up to 22 
digits or access pauses. 

The keyboard, AY-5-9100 and as many AY-5-9200’s as required 
are all connected to a 4 line data bus. Numbers for direct dialling 
are routed to the AY-5-9100, numbers to be stored go straight to 
the AY-5-9200. Numbers that are being retrieved are transmitted 
from the AY-5-9200 to the AY-5-9100 while control outputs from 
the AY-5-9200 determine the routing of the data. 

The system may operate either with a single 12 button keyboard, 
which is used for both address and digit entry, or with separate 


BLOCK DIAGRAM 


STORE © 


ENABLE oa 


DIGIT KEY DISABLE o 
ADDRESS KEY DISABLE o 


° 


COMMON COMMON _ DATA IN/OUT 
KEY KE 


Y 
OUTPUT INPUT 
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PIN CONFIGURATION 
16 LEAD DUAL IN LINE 


Top View 


Data Inputs/Outputs 


Retrieve input LJ 


Control Logic Enable Input LI 
Common Key Input LJ 
Store Input LJ 


12 [.] Common Key Output 
11 [J Power-On Reset Input 
10 |_] Address Keyboard Disable Output 


DECODE 


RETRIEVE 0 — CONTROL AND 


LOGIE TIMING 


Chip Select Input J 9 [J Digit Keyboard Disable Output 


address and digit keyboards. Single keyboard operation would 
normally be employed in a 10 number Repertory Dialling tele- 
phone. Dual keyboard operation is usual for 10 to 100 number 
Repertory Diallers. 

The AY-5-9200 may also be used in MF tone dialling systems, the 
output data rate being directly compatible. 


Four phase logic is used to achieve minimum power consump- 
tion, the circuits being manufactured using the MTNS P-channel 
nitride MOS process. 


STORAGE 
REGISTERS 


10 22-BIT SLOTS 


Oo RESET 
oO CHIP SELECT 


Pin.No. Name Function 
1 Vss This is the ground and substrate connection and is used as a 
reference for all the electrical parameters. 
9-3 Clocks $1, 63 These inputs form the two supply clocks, and alternate negative- 


going pulses are required. These are described in the Electrical 
Characteristics and fig. 1. Any deviation from the nominal 18KHz 
will result in a proportional modification of the on-chip timings. 


4 Retrieve Input The retrieve input must be taken to a logic ‘1’ for at least 10ms to 
indicate when a retrieve operation is to be performed. Anti- 
bounce logic is provided on this input. 


5 Control Logic Enable Input This input must be taken to a logic “1” for the duration of any 
store or retrieve operation. The control logic is reset when the 
input returns to logic ‘O’. Anti-bounce is provided for this input. 

6 Common Key Input This input is taken from the common contact on all keyboards. A 
‘1’ to ‘0’ transition will indicate a key closure. Anti-bounce is 
provided to ensure only a single depression is read. 


7 Store Input This input must be taken to alogic'‘1’ for the duration of any store 
operation. Anti-bounce logic is provided for both logic 
transitions. 

8 Chip Select Input When at logic ‘0’ all inputs and outputs (except for Common Key 


input and output) are inhibited. It may be permanently wired to 
logic ‘1’ if only one AY-5-9200 is used in the system. 


9 Digit Keyboard Disable Output The digit keyboard must be disabled while information is being 
transferred from the Store chip to the Push Button Dialler during 
a Retrieve operation. This output goes to a logic ‘0’ during this 
period. In a single keyboard system this output is the one to be 
used. 

10 Address Keyboard Disable Output The address keyboard is to be disabled, both during a Retrieve 
operation when information is being transferred between chips 
and during the Store operation after an address has been allo- 
cated, until the Store operation is finished. This output goes to a 
logic ‘0’ during these periods. 

11 Power-On-Reset Input An initial reset is required for clearing the chip when power is 
initially applied. This input must be held at a logic ‘0’ initially, 
going to a logic ‘1’ to activate the chips. 

12 Common Key Output This output is fed directly to the Common Key input of the 
associated AY-5-9100 Push Button Dialler and goes to a logic ‘0’ 
to indicate a valid code signal. It controls the routing of data into 
the AY-5-9100. (See Function Description for further details.) 


13-16 C, Cy, Cy Cy Data Input/Outputs. These four lines are connected to the sys- 
tem. Address and dialled digit information is input on these pins 
and dialling information is fed out from these pins to the Push- 
Button Dialler. The standard keyboard code accepted by the 
AY-5-9200 is shown below. When outputting information, the 
output is normally at alogic ‘1’ and goes to a logic ‘0’ for a data bit. 


NOTE: 

Chip Select, Retrieve, Control Logic Enable and an address can 
all be applied simultaneously to the Store Chip. Also Store and 
Control Logic Enable signals can be applied simultaneously. 


KEYBOARD CODE 


Digit No. of Impulses Code 


GO OON OA DWN - 
_ 
OOP OAONOAAWN — 


on wet eB st OOO wo a a P 

—“—“O0--A- 0A 4a O- P 
i?) 
eS 


OoO=- 00 0 42 a aw oa wo 
“AOnr On a2 Own Oa 


Access Pause 
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AY-5-9200 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pin with respect to Vss 
Storage temperature range 
Ambient operating temperature range... . 


Standard Conditions (unless otherwise noted) 


Vss=OV 


Vd=—15+1.5V (see fig. 1 for waveform) 


Clock frequency=18 KHz 


Operating Temperature (T,)=—55°C to +80°C 
Negative logic conventions are followed for this data sheet. 
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Characteristic 


Clock 

Logic ‘O’ level 
Logic ‘1’ level 
Frequency 

Rise Time (Tr) 
Fall Time (Tf) 
Width (Tw) 
Separation (Ts) 
Capacitance 
Leakage 

Inputs 

Logic ‘O’ level 
Logic ‘1’ level 
Capacitance 
Leakage 
Common Key Input 
Pulse Width (Tc) 
Reset Input 
Pluse Width (Td) 
Fall Time (Te) 


Anti-bounce on ali inputs except 


Chip Select & Reset 
‘Outputs 


All outputs including C, to C, 


when acting as outputs 
Logic ‘O’ output current 
Logic ‘1’ output leakage 
Digit Output Rate 
Power 


**Typical values are at +25°C and nominal voltages. 


NOTES: 


1. Clock logic ‘O’ levels should be within 0.5V of each other. 


—20V to +0.3V 
—65°C to +150°C 
—55°C to +80°C 


“Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


Conditions 


Note 1 


At logic ‘1’ min. level 

At logic ‘0’ max. level 

Per phase V¢@=OV, f= 1MHz( Note 2) 
Vo=16.5V, Ta =25°C 


Vin=OV. f= 1MHz 
Vin=—16.5V, Ta =25°C 


At logic ‘O’ max. level see fig. 2 


After clocks reach full amplitude 
Fig.2 


Vo=—1 V 
Vo=—-10V 


2. The effective dynamic clock capacitance while operating is 260pF. 


AY-5-9200 [=] 


TIMING DIAGRAMS 


TIMING 
Fig.1 CLOCK WAVEFORMS Fig.2 CLOCK WAVEFORMS WITH RESET TIMING 
C.L. ENABLE 
& CHIP SELECT 
i 
re) 
RETRIEVE 
\ 
(e) 
COMMON KEY | | | | 
@ ADDRESS 
a a BOUNCE 
4-2 || 
2 PERIOD 
lOms 
| 
| 
t 
(e} t 
COMMON KEY 
OUTPUT 
| 
| 
jG Oms 60ms 60ms 60ms 
10ms ioms 
: a “3 
CODE 
OUTPUTS DIGIT | DIGIT 2 
{ 
+ 30ms ioms 
: ii 
KEYBOARD 


DISABLES NOTE: 
\ NOT TO SCALE. 
ALL TIMES SPECIFIED ARE MINIMUM. 


Fig.3 "RETRIEVE” WAVEFORMS 
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[a} AY-5-9200 


FUNCTION DESCRIPTION 


The following description applies to a Push Button Repertory 
Dialler using the AY-5-9100 and AY-5-9200 circuits. The system 
provides normal push button telephone facilities with access 
pause and redialling, together with a repertory dialling store 
expandable in blocks of 10 numbers. 


The AY-5-9100 is a standard Push Button Dialler circuit with 
normal dialling and redialling facilities. It also has the capability 
of storing access pauses and waiting until a dial tone is detected 
by external circuitry before dialling is recommenced. This chip 
can operate by itself when a storage facility is not required. A 
detailed description of this device is contained in the AY-5-9100 
data sheet. 


The AY-5-9200 contains all the control logic and store facility 
required to store ten telephone numbers. Each number may be 
up to 22 characters in length, each character being either a digit 
or access pause; a dynamic memory technique being used for the 
data storage. Digits, access pauses and memory addresses are 
entered into the AY-5-9200 as 4-bit codes on 4 input/output pins 
which are also connected to the digit input pins of the AY-5-9100 
as in Figs.4 and 5. While data is being transferred between the 
AY-5-9200 and the AY-5-9100, the keyboards are externally 
disabled by signals generated by the AY-5-9200, so that further 
key depressions have no effect until the transfer of datahas been 
completed. Further address inputs are inhibited until the call is 
terminated. 


The digit keyboard common key output is routed through the 
control logic and depending on the state of the logic, the Com- 
mon Key output to the Push Button Dialler chip is enabled or 
disabled. This prevents digits to be stored and memory ad- 
dresses from entering the Push Button Dialler. 


The Common Key output from the AY-5-9200 is controlled as 
follows: 


C.S. C.L.E. 
Logic Level ‘0’ ‘0’ Common output is a direct rep- 
lica of Common input and digits 
are dialled directly by the 


AY-5-9100 


Logic Level mb ‘1’ Common signals to the Push 
Button Dialler are generated 
only as a number is being re- 
trieved (see Fig. 3). After a re- 
trieve operation, Common 
signals are gated through, al- 
lowing further dialling unless 
externally inhibited. 

Logic Level ‘0’ wy No Common signals are gener- 


ated and the output device goes 
off. 


The control logic operates so that the first key depression at the 
beginning of an operation determines the subsequent sequence. 
Invalid key depressions at a later stage in a sequence are then 
ignored by the control logic. 


The system is expanded by connecting further AY-5-9200 chips 
to the busses and using the Chip Select input to enable the 
required chip. 


When a separate address keyboard is to be used an address 
keyboard strobe can be fed to the ‘Retrieve’ input, thus allowing a 
single button depression when retrieving a number from the 
store. 
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OPERATION MODES 


1. STORE OPERATION 


DEPRESS STORE 

This sets the logic into a store mode. This signal must be present 
throughout the store operation. Thus, either electrical or me- 
chanical bistable switching is required, or the ‘Store’ button must 
remain depressed during the sequence. The Control Logic En- 
able and Chip Select inputs should be activated at the same time. 
The Common Key output is inhibited and the address and digit 
codes are routed into the AY-5-9200 chip. The order of applica- 
tion of the signals is not important, they may be applied simul- 
taneously with Address if required. 

DEPRESS ADDRESS (one digit) 

The address code, if valid, is latched and the memory location 
associated with this address is cleared to prevent corrupting the 
new number with old information. The Common Key output 
remains disabled. The Address Keyboard is also disabled for the 
remainder of the Store operation. 


ENTER NUMBER DIGITS (and Access Pauses) 

The number to be stored is then entered using the digit keyboard, 
and is stored in the addressed location. The maximum allowable 
number of digits or access pauses is 22. Chip select must be at 
logic ‘1’ during digit entry. 

RELEASE STORE, CONTROL LOGIC 

ENABLE AND CHIP SELECT 

This is accomplished by re-setting the electrical or mechanical 
bistable or releasing the Store button. The control logic is then 
reset and disabled. 


2. RETRIEVE OPERATION 


DEPRESS RETRIEVE 

Fcr separate address keyboard systems, this signal can be gener- 
ated automatically with the address. The control logic is set ina 
retrieve mode and the address inputs are enabled. Control Logic 
Enable and Chip Select must be at logic ‘1’ for the whole of the 


‘Retrieve operation, including the data transfer period. The Re- 


trieve input must be returned to logic ‘O’ before the end of data 
transfer to prevent a repeat operation. 


DEPRESS ADDRESS (Digit) . 

The address is decoded and latched, both keyboard disable 
outputs go active, disabling the keyboards. After a minimum 
period of 60mS, the first digit code is transmitted to the Push 
Button Dial chip together with aCommon signal. The Common is 
stable for a minimum period of 6(OmS, the Common only being 
present while the code is stable. The data transmission continues 


~ at60mS on, 60mS off until the whole number has been transfer- 


red, after which the chip is reset, the keyboard disable signals are 
removed and the Common signal is enabled to the Push Button 
Dialler chip. (See Fig. 3.) 


3. ERASE OPERATION 

This operation is basically a Store operation with no digits being 
input. 

DEPRESS STORE 

This sets up the logic as in the Store operation. 

DEPRESS ADDRESS (Digit) 

This tnen clears the decoded address. 

RELEASE STORE 

This is accomplished either by releasing ‘Store’ input, or re- 
setting the mechanical or electrical ‘Store’ bistable. 

4. RECALL AND NORMAL DIALLING 


These are performed as for the Push Button Dialler on its own. 
See AY-5-9100 data sheet for full description. 


AY-5-9200 [=] 


AY-5-9100 
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Note for Figs.4 and 5 
Logic: CD4011A (C-MOS) 
Resistors: 100K 


Capacitors: 0.1uF 
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Fig.5 DUAL KEYBOARD SYSTEM FOR REPERTORY DIALLER 
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AY-5-9300 


GENERAL 
[ 5 [ 


Telephone Coinbox Circuit 


FEATURES 


® Up to three coin denominations recognized. 

® 16 coin value ratios selectable. 

® 8 tariff rates selectable. 

® Tone outputs for switch-on, coin input, bulk collect, last pay 
period, cut-off. 

# Lamp outputs for last coin and last pay period. 


BLOCK DIAGRAM 


ANTI 
BOUNCE BUFFER 
ANTI 
BOUNCE 
ANTI 
BOUNCE 


POWER ON 
RESET CIRCUIT 


BUFFER 


BUFFER 


HARDWIRED TO 
DEFINE TARIFF 
AND COIN RATIO 


CLOCK 
GENERATOR fesse 


BUFFER 


—| BUFFER 
ANTI 

BOUNCE 

BUFFER 


DESCRIPTION 


The AY-5-9300 is a P-Channel MOS integrated circuit designed . 
to control the operation of a standard coinbox telephone. The . 
device registers the insertion of coins and automatically debits 
the sum when a meter pulse is received. Lamp and tone signals 
are provided to inform the user and the exchange of the progress 
of the call. The use of four-phase dynamic logic provides very low 
power dissipation (2 mW typical). The AY-5-9300 is offered in a 
24 pin dual-in-line package. 


COIN SENSOR 
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i 
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AY-3-9400 


AY-3-9410 


Dual Tone Multi-Frequency Generator 


FEATURES 


@ No tuning required, inherent accuracy+0.25% 

@ Uses low cost ceramic resonator 

12 tone pairs (16 tone pairs and choice of high group 
pre-emphasis with AY-3-9410) 

®@ Total harmonic distortion less than 5% 

® Instant generation of tone outputs 

® Low voltage drop 
s 
a 
a 


Low power consumption (less than 35mW) 
Good thermal and voltage stability 
Keyboard lock out inhibits output if more than one key 
depressed 

@ N-channel ion implant construction 

@ High group pre-emphasis fixed at 3.52dB (6dB pre-emphasis 
available with AY-3-9410) 

# Pre-emphasis can be varied by simple component adjustment. 


DESCRIPTION 


The AY-3-9400/9410 MF Dialler generates all the tone pairs 
required for multifrequency touch tone dialling. The tones are 
generated from a single ceramic controlled master oscillator, 
ensuring high accuracy amd stability of the output frequencies 
and eliminating the need for any adjustments. The digitally 
synthesised tones give precisely controlled characteristics. 
The AY-3-9400/9410 is fabricated using the ion implant N-chan- 
nel low voltage process, and employs novel logic techniques to 
minimize power consumption and voltage drops. The circuit is 
suitable for operation direct from telephone line power, or it can 
be used with main power or battery supplies. 


BLOCK DIAGRAM 


PIN CONFIGURATION 
14 LEAD DUAL IN LINE 


AY-3-9400 
Top View 


|_J Any Key Down output 
|_J Oscillator output 
|_| Oscitlator input 


Tone output LJ 


16 LEAD DUAL-IN-LINE 
AY-3-9410 


Top View 


Ground (je@1 16 [_] Any Key Down output 
15 |_J Oscillator output 
14 {_J Oscillator input 
13 [|_|] 6/3dB pre-emphasis 


Tone output 


GROUND 


HIGHER PRESCALER HIGH GROUP 


KEYBOARD 
KEYS8OARD 


D.A.C. 


LOWER PRESCALER LOW GROUP 


D.A.C. 


MASTER OSCILLATOR 


MASTER FREQUENCY 


AY-3-9410 
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[a] AY-3-9400 =» AY-3-9410 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


Voltage on any pin with respect to ground pin. . . . +10V to —0.3V *Exceeding these ratings could cause 
Storage temperature range ........... —65°C to +150°C permanent damage. Functional operation of 
Ambient operating temperature range. ..... . —55°C to +80°C these cevices at these conditions is not 


Standard Conditions (unless otherwise noted) 


implied—operating ranges are specified 
below. 


Vec = +3.5 to +8V 
Fclock = 559.7KHz . 
Operating Temperature (T,) -55°C to +80°C 
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Characteristic Conditions 
Input Logic ‘1’ logic ‘1’ activates tone 
Input Logic ‘0’ 


Input pull down resistance 
Input capacitance 

Tone output Low Group 
Tone output High Group 
High group pre-emphasis 
Output impedance 

Any Key Down output 


resistor to ground 


Vcc = 4V, Note 1, Note 3 
Vcc = 4V, Note 1, Note 3 


Note 2, Note 3 


On resistance Vout = +1V 
Off Leakage Vout = +8V 
Total Distortion 
Harmonic component 
Supply current Vcc = +3.5V 
Vcc = +8V 


**Typical values are at +25°C and nominal voltages. 


NOTE: 
1.The amplitudes of the output signals are directly related to the Vcc supply voitage. 


2.The chip output is intended to drive a low pass filter having an input impedance of greater than 8K ohms. 


3.The output would be buffered to drive the line, the buffer can be arranged to have either a high impedance current output or a 
low impedance voltage output (See Figs.2a and 2b). 


FREQUENCY OUTPUTS 


All output frequencies are derived from a 559.7KHz master oscillator. 
The output frequencies are as follows: 


Nominal frequency Actual Frequency Key 
Hz 


695.28 
768.82 
Low Group 850.61 
940.68 


OOWD> 


1211.48 
1332.62 
High Group 1478.69 
1631.78 


xIgnm 


% CHANGE IN FREQUENCY 
% CHANGE IN FREQUENCY 


10 20 30 40 50 
TEMP °C Vee VOLTS 


FIG1. OSCILLATOR CHARACTERISTICS 


OPERATION 


When a key is pressed the chip will immediately start operating, 
the output tones both starting from zero on the first negative half 
cycle. The first cycle will be of full amplitude assuming the power 
supply is at the correct level. If power is applied at the same time 
as a key is pressed, the power on reset circuit will operate, 
preventing spurious outputs. 

When two or more keys are pressed together, one or both tones 
will be switched off. The tones will start from zero as soon as the 
extra keys have been released. When all keys are released, the 
tone outputs will immediately cease. 


If only one key contact is made, a single tone corresponding to 
the closed contact will be output. The “Any Key Down” output 
goes to logic ‘O’ as soon as a key depression is recognized. 


NOTE: 


AY-3-9400 ® AY-2-9410 [=] 


The tones are output on a single pin, as a mixture of pulse width 
moulated, constant amplitude square waves. This output signal is 
constructed into resultant sine waves in the external low pass 
filter. The approximation chosen yields a total harmonic 
distortion of less than 8%. 


The amplitude of the output signal is directly proportional to the 
Vcc supply voitage. 

A low pass filter buffer amplifier is used to remove switching 
noise and interface the tones to the line. There is an option of 
either the low impedance, constant voltage buffer (see fig.2a) or 
the higher impedance, constant current output (see fig. 2b). 


Pre-emphasis selection for the AY-3-9410: Connect pin 13 to Vcc for 3dB high group pre-emphasis, or to ground for 6dB premphasis. 


The circuit is otherwise identical in operation to the AY-3-9400. 


PERIPHERAL CIRCUITS 


2N5551 


KEYBOARD AY-3-9410 


AS UVNOAWO 
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Fig. 2b LOW IMPEDANCE BUFFER 
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: AY-5-9500 


C-MOS Clock Generator 


FEATURES 
PIN CONFIGURATION 
® Generates 2 phase clock from single power supply 14 LEAD DUAL IN LINE 
® Operates with AY-5-9100 Push Button Dialler | 
and AY-5-9200 Repertory Dialler 
@ Very Low power consumption, allowing use of line 
powered telephones 
& Minimizes external components in Push Button Telephones 


gs Stable generation of clock frequencies 
Top View 


DESCRIPTION 

The AY-5-9500 is a C-MOS circuit designed to generate the 2 Oscillator 

phase clock required by the AY-5-9100 Push Button Telephone Oscillator (| 

chip and the AY-5-9200 Repertory Dialler circuit. Oscillator [7 T] Data Input 
It consists of an RC oscillator, a level shifter, a 2 phase clock } Q Output 


generator and driver, and a clocked D-type bistable. The RC 
oscillator is set by external components to run at 36KHz and is 
normally operated from a 4 Voit supply to minimise power con- 

_sumption. The oscillator output is shifted and used to drive the 2 
phase clock generator which is normally run on a 14 Volt supply. 
The D-type bistable is either used as a Reset generator for the 
AY-5-9100, or it is used to drive a Cockroft-Walton voitage 
multiplier to generate the 14 Volt supply. 


a Q Output 


BLOCK DIAGRAM 
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AY-5-9500 


AY-5-9500 


SINGLE SUPPLY OPERATION 


AY~5-9500 


- O1pF |O1pF ee OlyF | O1pF 


6 1°41 


—§V 
e 


ALL DIODES IN914 


DC-DC CONVERTOR CONNECTION 
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AY-5-9500 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pin with respect to Vpp pin. ..... —15V to +0.3V *Exceeding these ratings could cause 

Storage temperature range. ........... —65°C to +150°C permanent damage. Functional operation of 

Ambient operating temperature range. ...... —55°C to +80°C this device at these conditions is not 
implied—operating ranges are specified 
below. 


Standard Conditions (unless otherwise noted) 


Vpp = OV 

Vss1 = —4 to —-15V 
Vss2 = —4 to —15V 
Vss3 = —4 to —15V | 
F Clock = 36KHz+ 10% | | 
Operating Temperature (Ta) =+20°C 


Parameter Conditions 
CLOCK OUTPUTS 
Rise Time (Tr) At 360pF load 
Fall Time (Tf) At 360pF load 
Width (Tw) At 36KHz 
Separation (Ts) At36KHz 
Stability With supply and temperature 
OUTPUT ‘ON’ RESISTANCE 
$1 , 93 Vss2=—4V 
Q,Q Vss3 =—4V 
SUPPLY CURRENT - 
At Vss 1 Vss1 =—4V 
At Vss2 Vss2=—15V, 10pF load 
Vss3 =—15V 


AtVss3 


*“ Typical values are at +25°C and nominal voltages. 


TIMING DIAGRAM 
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AY-5-9800 


GENERAL 
INSTRUMENT 


Multi-Frequency Receiver 


FEATURES 

m No tuning required; inherent discrimination, better 

than + 0.1%. 

Digitally defined bandwidths with no inherent 

voltage or temperature drift. 

Fast aquisition of tones (typ. 15mS). 

Frequency correlation provides good S/N performance. 

Many programmable features provide wide applications. 

High reliability and low cost using P-channel process. 

On-chip analog amplifiers for analog preprocessing. 

Interfaces directly with the AY-5-9100 for M.F.—Strowger 

converters. 

m@ Handshaking facility to interface directly with CP1600 
microprocessor. 

@ Three-State code outputs. 


DESCRIPTION 

The AY-5-9800 is fabricated in P channel MTNS process thus 
minimizing cost and providing high reliability. The basic chip 
diagram is shown below. For analog preprocessing six amplifiers 
and two source followers are included on-chip, external 
components being used to determine the filter characteristics. 
The major functions are mask programmable thus giving a 
flexible system at a low cost. 

The tone pair is separated into two individual tones using the 
analog circuitry, the separated tones being applied to the 
Schmidt triggers to square incoming signals which are then 
processed by the digital circuitry. The high and low group logicis 
similar; only the decode values for frequency recognition are 
different. The incoming signal is divided by two or three to 
eliminate the effects of changing mark/space ratio and its period 
counted by a timer which is clocked by the accurate 1MHz clock. 
If the period value is within encoded limits, the result is stored. 
Five cycles of incoming signal are stored and a decision is made 
with this information as to whether the tone is valid. A 
programmable logic array scans the five cycle store for both an 
“Acquire” criteria and “Release” criteria. If the “Acquire” criteria 
is exceeded (e.g. 4 out of 5), and the “Release” criteria is not 
reached (e.g. less than 2 out of 5), the frequency is deemed to be 
valid. If both high and low frequencies are detected, a time-out 
timer is started. This timer is mask programmable and will 
normally require 25mS of valid tone pair signal. Once this period 
has elapsed the Common Output pulses high, again for a 
preprogrammed period. 


The Code Outputs and Common Output can be configured fora 
wide variety of systems. The normal device is packaged in a 28 
lead DIP and provides four Three-State Code outputs suitable for 
microprocessor controlled systems and direct interfacing to the 
AY-5-9100 for MF-Strowger converters. Alternatively a 40 lead 
DIP device provides sixteen Three-State Outputs for direct MF 
receiver replacement. A hand-shaking interface is provided using 
the Interrogate input thus allowing very simple microprocessor 
interfacing. The outputs will directly drive low power TTL, CMOS 
or MOS and, being Three-State, can be bussed in large systems. 


BLOCK DIAGRAM 


INPUT 
91 4BIT 
9° CODE 


COMMON 
¥ OUTPUT 


o INTERRO- 
GATE INPUT 


input Clock—The recommended clock frequency is 1MHz which 
will then give a frequency detect range of 620—3400Hz with a 
discrimination of +1 wS. Alternatively, the device can be 
reprogrammed to other clock frequencies above 10KHz as 
available. The discrimination of 1633Hz using a 1MHz clock will 
be better than £0.1%. Any deviation of the 1MHz clock will result 
in a proportional deviation of the tone recognition bands. 


Power-On-Reset—An external power-on reset is required which 
is used to reset all counters, etc. An on-chip resistor pulls this 
input to Vgs; and 0. 1uF capacitor connected from the P.O.R. input 
to Vpp will provide automatic power-on-reset. This input can be 
used as a chip select putting all Three-State outputs into their 
high impedance state when held low. 


Input Amplifiers—Input amplifiers are suitable for use in band- 
pass and general buffer amplifiers. They have an open loop gain 
of approximately 500 and are trimmed by a single ‘Bias input’. 


Period Counters—The input frequency is interrogated by the 
period counter. Each counter has eight values decoded, these 
representing F1 low limit, F1 high limit, etc. Once a positive going 
edge is detected, the period counter is started and if the next 
positive going edge occurs during a time slot decode, the circuit 
deems the tone to be valid and a bistable indicating the tone 
decoded is set. Special logic is incorporated to prevent the 
counter from being continuously triggered in the presence of 
noise. 

Status Register—The Status Register is a five bit register which is 
filled with 1’s for an in-band signal but filled with 0’s for out-of- 
band signals. With the data in this register a decision is performed 
which sets a bistable (Acquires the signal) or resets a bistable 
(Releases the signal). Thus by changing the preprogrammed 
acceptance standard, a direct trade-off between S/N ratio and 
stimulation rate can be obtained for different systems. 


Output Logic—Once both high and low group tones have been 
detected valid, a preprogrammed timer is started. If the tone pair 
is still valid after the timer has counted out, the Common Output 
goes high for a preprogrammed period and the Code Outputs 
present the programmed outputs corresponding to the tone pair 
input. 


If the Interrogate input is used for handshaking, the Code 
Outputs are only presented after the interrogate input goes high; 
the interrogate input going low removes both the Codes and the 
Common Output. 


PROGRAMMABLE OPTIONS These options can all be 

provided by a single layer mask change. 

m Programmable center frequencies 

m@ Programmable accuracies 

@ Variable “Acquire” criteria (1 out of 5 to 5 out of 5) 
Variable “Release” criteria (1 out of 5 to 5 out of 5) 

m Normally arranged for 2 of 8 detection, but can be 
reprogrammed for single tone (1 of 8) detection. 

m= Common output can be delayed by 1-32 mS after tones 
are detected valid. 

= Common output pulse can be programmed from 1-31mS 

mw Output code can be any 4 bit code in 28 lead DIP 
or any 16 bit code in 40 lead DIP (e.g. 2 of 7, 1 of 12 etc.). 


SYSTEM DIAGRAM 
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GENERAL 


INSTRUMENT 


AY-5-1013 
AY-5-1013A 
AY-6-1013 
AY-3-1014A 
AY-3-1015 
AY-5-1016 
AY -6-4016 


Secs me ©=©6AY-5-1013 


AY-6-1013 jel 


UAR/T Universal Asynchronous Receiver/Transmitter 


FEATURES 

m DTL and TLL compatible—no interfacing circuits required— PIN CONFIGURATION 
drives one TTL load. 40 LEAD DUAL IN LINE 

@ Fully Double Buffered—eliminates need for system 
synchronization, facilitates high-speed operation. 

u Full Duplex Operation—can handle multiple baud rates Top View 
(receiving-transmitting) simultaneously. 

s Start Bit Verification—decreases error rate with center Voc (+5V) @ 1 
sampling. "Vac (-12V) 

@ Receiver center sampling of serial input; 46% distortion aE 
immunity. ADE 

m High Speed Operation. RD7 

@ Three-State Outputs—bus structure capability. RD6 

@ Low Power-minimum power requirements. RDS 

a Input Protected—eliminates handling problems. tay 

AY-5-1013/1013A bas 


RD1 
= GIANT P-channel nitride process. 


® 0 to 30kbaud/0 to 40kbaud. 
® Puil up resistors to Voc on all inputs. 


AY-6-1013 

@ GIANT P-channel nitride process. 

® Oto 20kbaud. 

™ Extended Operating Temperature Range: 
-40° C to +85°C (plastic package) 
-55°C to +125°C (ceramic package) 

m Pull-up resistors to Voc on all inputs. 


AY-3-1014A/1015 *Pin 2: AY-3-1014A/1015 — No Connection. 


@ Single Supply Operation: 
+4,.75V to +14V (AY-3-1014A) 
+4,.75V to +5.25V (AY-3-1015) 


= CMOS compatible (AY-3-1014A). 

= 1% stop bit mode. 

@ External reset of all registers. 

® GIANT II N-channel lon Implant Process. BLOCK DIAGRAM 

® Oto 30kbaud. 

m Pull-up resistors to Voc on all inputs (AY-3-1015). 
ge? gs raguorTes 
oapae 3 

DESCRIPTION Se Se es Eg 


“STROBE © ie nen ag I RODE 
The Universal Asynchronous Receiver/Transmitter (UAR/T) is aN 5 SERIAL 
an LSI subsystem which accepts binary characters from eithera : , cies 
terminal device or a computer andreceives/transmits this sci las 
character with appended control and error detecting bits. All " RECEIVER 
characters contain a start bit, 5 to 8data bits, one or two stop bits : 
(1% stop bit capability with the AY-3-1014A/1015), and either 
odd/even parity or no parity. In order to make the UAR/T 
universal, the baud, bits per word, parity mode, and the number 
of stop bits are externally selectable. The device is constructed 
on a single monolithic chip. All inputs and outputs are directly 
compatible with MTOS/MTNS logic, and also with 
TTL/DTL/CMOS logic without the need for interfacing 
components. All strobed outputs are three-state logic. 


5 EXTERNAL 
RESET 


DATA 


AVAILABLE 2 


RECEIVER 
DATA BITS 


TRANSMITTER © 
BUFFER EMPTY 


140 


UAR/T GENERAL INFORMATION [a] 
PIN FUNCTICNS 


Pin No. Name (Symbol) Function 


&WNhH — 


21 


22 


23 


24 


25 


26-33 


34 


35 


36 


37-38 


39 


40 


Vcc Power Supply (Vcc) 
Voc Power Supply (Voc) 
Ground (Var) 


Received DataEnabie (RDE) 


Received DataBits (RD8-RD1) 


Parity Error (PE) 
Framing Error (FE) 


Over-Run (OR) 


Status Word Enable (SWE) 


Receiver Clock (RCP) 


— ee 


Reset Data Available (RDAV) 


DataAvailable (DAV) 
Serial Input (Sl) 


External Reset (XR) 


Transmitter BufferEmpty (TBMT) 
Data Strobe (DS) 

End of Character (EOC) 

Serial Output (SO) 


Data Bit!Inputs (DB1-DB8) 
Control Strobe (CS) 


No Parity (NP) 


Number of Stop Bits (TSB) 


Number of Bits/Character (NB2,NB1) 


Odd/Even Parity Select (EPS) 


Transmitter Clock (TCP) 


+5V Supply 

—12V Supply (Not connected for AY-3- 1014A/1015) 

Ground 

A logic “O” on the receiver enable line places the received data 
onto the output lines. 


These are the 8 data output lines. Received characters are right 
justified: the LSB always appears on RD1. These lines have tri- 
state outputs; i.e., they have the normal TTL ouput characteris- 
tics when RDE is:“O” and a high impedance state when RDE is 
“41”. Thus, the data output lines can be bus structure oriented. 
This lines goes to alogic “1” if the received character parity does 
not agree with the selected parity. Tri-state. 


This line goes to a logic “1” if the received character has no valid 
stop bit. Tri-state. 


This line goes to a logic “1” if the previously received character is 
not read (DAV line not reset) before the present character is 
transferred to the receiver holding register. Tri-state. 


A logic “O” on this line places the status word bits (PE, FE, OR, 
DAV, TBMT) onto the output lines. Tri-state. 


This line will contain a clock whose frequency is 16 times (16X) 
the desired receiver baud. 


A logic “O” will reset the DAV line. The DAV F/F is only thing that 
is reset. 


This line goes to a logic “1” when an entire character has been 
received and transferred to the receiver holding register. Tri- 
State. Fig.12,34. 

This line accepts the serial bit input stream. A Marking (logic “1”) 
to spacing (logic “O”) transition is required for initiation of data 
reception. Fig.11,12,33,34. 

Resets all registers (except that the received data register is not 
reset in the AY-5-1013/1013A and AY-6-1013). Sets SO, EOC, 
and TBMT to a logic “1”. Resets DAV, and error flags to “O”. 
Clears input data buffer. Must be tied to logic “O” when not in 
use. 


The transmitter buffer empty flag goes to a logic “1” when the 
data bits holding register may be loaded with another character. 
Tri-state. See Fig. 18,20,40,42. 

A strobe on this line will enter the data bits into the data bits 
holding register. Initial data transmission is initiated by the rising 
edge of DS. Data must be stable during entire strobe. 


This line goes to alogic “1” each time a full character is transmit- 
ted. It remains at this level until the start of transmission of the 
next character. See Fig.17,19,39, 41. 


This line will serially, by bit, provide the entire transmitted char- 
acter. It will remain at a logic “1” when no data is being transmit- 
ted. See Fig. 16. 

There are up to 8 data bit input lines available. 

A logic “1” on this lead willenter the control bits (EPS, NB1, NB2, 
TSB, NP) into the control bits holding register. This line can be 
strobed or hard wired to a logic “1” level. 

A logic “1” on this lead will eliminate the parity bit from the 
transmitted and received character (no PE indication). The stop 
bit(s) will immediately follow the last data bit. If not used, this lead 
must be tied to a logic “O”. 


This lead will select the number of stop bits, 1 or 2, to be 
appended immediately after the parity bit. A logic “O” willinsert1 
stop bit and a logic ‘1” will insert 2 stop bits. For the AY-3- 
1014A/1015, the combined selection of 2 stop bits and 5 
bits/character will produce 1% stop bits. 


These two leads will be internally decoded to select either 5, 6, 7 
or 8 data bits/character. 
NB2 NB1_ Bits/Character 


0 0 5 
0 1 6 
1 0 7 
1 1 8 


The logic level on this pin selects the type of parity which will be 
appended immediately after the data bits. It also determines the 
parity that will be checked by the receiver. A logic “O” will insert 
odd parity and a logic “1” will insert even parity. 

This line will contain a clock whose frequency is 16 times (16X) 
the desired transmitter baud . 
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UAR/T GENERAL INFORMATION 


TRANSMITTER OPERATION 


|. TURN POWER ON 
2.PULSE EXTERNAL RESET 
3. SELECT BAUD ~- i6 X CLK 


TBMT =) 
EOC=! 
SO=! (STOP BIT) 


SEY CONTROL BITS-PULSE CS 


SET DATA BITS 


ts 
ces 
SHIFT REGISTER 


EMPTY ? 
(EOC = 1) 


1. LOAD TRANSMITTER SHIFT REGISTER 
2.$0*0 (START BIT) 
3. EOC «0 


TBMT =i 


| ee 
1 BIT TIME 


ELAPSED ? 
(16-16 X CLK) 


SHIFT | BIT RIGHT IN 
TRANSMITTER SHIFT REGISTER 


TRANSMIT START BIT, DATA 
BITS, SELECTED PARITY MODE, 
AND STOP BiT(S) 


HAS 
THE LAST 
STOP BIT BEEN ON THE 


LINE FOR | BIT 
TIME ? 


ARE 
THERE NEW 
CONTROL BITS YES 
? 


Fig.1 


initializing 


Power is applied, external reset is enabled and clock pulse is 
applied having a frequency of 16 times the desired baud. The 
above conditions will set TBMT, EOC, and SO to logic “1” (line is 
marking). 

After initializing is completed, user may set control bits and data 
bits with control bits selection normally occurring before data 
bits selection. However, one may set both DS and CS simul- 
taneously if minimum pulse width specifications are followed. 
Once Data Strobe (DS) is pulsed the TBMT signal will change 
froma logic “1” to alogic “O” indicating that the data bits holding 
register is filled with a previous character and is unable to receive 
new data bits, and transmitter shift register is transmitting pre- 
viously loaded data. TBMT will return to a logic “1”. When 
transmitter shift register is empty, data bits in the holding register 
are immediately loaded into the transmitter shift register for 
transmission. The shifting of information from the holding regis- 
ter to the transmitter shift register will be followed by SO and 
EOC going to a logic “O”, and TBMT will also go to a logic “1” 
indicating that the shifting operation is completed and that the 
data bits holding register is ready to accept new data. It should be 
remembered that one full character time is now available for 
loading of the next character without loss in transmission speed 
due to double buffering (separate data bits holding register and 
transmitter shift register). 

Data transmission is initiated with transmission ofa start bit, data 
bits, parity bit (if desired) and stop bit(s). When the last stop bit 
has been on line for one bit time, EOC will go to a logic “1” 
indicating that new character is ready for transmission. This new 
character will be transmitted only if TBMT is a logic “O” as was 
previously discussed. 


RECEIVER OPERATION 


|. TURN POWER ON 

2. PULSE EXTERNAL RESET 
3. SELECT BAUD - 16 X CLK 
4. SET CONTROL BITS 


DAV=0 


HAS 
THE LINE 
TRANSITIONED 


FROM MARKING TO 
SPACING 
? 


HAS 

A START BIT 
BEEN VERIFIED ? 
6-16 X CLK 


YES 


LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 


HAS 
| BiT TIME 


ELAPSED 7 
16-16 X CLK 


SHIFT AND LOAD DATA BIT 
INTO RECEIVER SHIFT REGISTER 


s 
TIME 
SED 


YES 


HAS 
THE PROPER 
PARITY BIT BEEN 
RECEIVED 


ee 
| BIT TIME 


ELAPSED 
t 


HAS 
SET FRAMING ERROR L. NO A STOP BiT YES | SET FRAMING ERROR 
REGISTER TO | BEEN RECEIVED REGISTER TO 0 
as ? im 


SET OVER RUN NO YES SET OVER RUN 
REGISTER TO | REGISTER TO O 


TRANSFER OATA BITS FROM 
SHIFT REGISTER TO DATA 
BITS HOLOING REGISTER 


DAV=1 


EXAMINE OUTPUTS 


1. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 


Fig.2 


YES || SET PARITY ERROR 
REGISTER TO 0 


UAR/T GENERAL INFORMATION [=] 


initializing 


Power is applied, external reset is enabled, and clock pulse is 
applied having a frequency of 16 times the desired baud. The 
previous Conditions will set data available (DAV) to a logic “)”. 


After initializing is completed, user should note that one set of 
control bits will be used for both receiver and transmitter making 
individual control bit setting unnecessary. Data reception starts 
when serial input signal changes from Marking (logic “1”) to 
spacing (logic “O”) which initiates start bit. The start bit is valid if, 
after transition from logic “1” to logic “0”, the SI line continues to 
be at logic “0”, when center sampled, 8 clock pulses later. If, 
however, line is at a logic “1” when center sampling occurs, the 
start bit verification process will be reset. If the Serial Input line 
transitions from a logic “1” to a logic “O” (marking to spacing) 
when the 16x clock is in a logic “1” state, the bit time, for center 
sampling will begin when the clock line transitions from a logic 
“4” to alogic “0” state. After verification of a genuine start bit, data 
bit reception, parity bit reception and stop bit(s), reception 
proceeds in an orderly manner. 

While receiving parity and stop bit(s) the receiver will compare 
transmitted parity and stop bit(s) with control data bits (parity 
and number of stop bits) previously set and indicate an error by 
changing the parity error flip flop and/or the framing error flip 
flop to a logic “1”. It should be noted that if the No Parity Mode is 
selected the PE (parity error) will be unconditionally set to a logic 
“0”. 

Once a full character is received, internal logic looks at the data 
available (DAV) signal to determine if data has been the read out. 
if the DAV signal is at alogic “1” the receiver will assume data has 
not been read out and the over run flip flop of the status word 
holding register will be set to a logic “1”. If the DAV signal is ata 
logic “O” the receiver will assume that data has been read out. 
After DAV goes to a logic “1”, the receiver shift register is now 
ready to accept the next character and has one full character time 
to remove the received character. 
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UAR/T GENERAL INFORMATION 


= th 
Oo E 
wi Oo 
we -! ug 
~- OW w2ul or 
Eat 2? og 
ego SF Bs 
SNE 
* 53 oa =e orwonernmn — 
ODF aad a 00MM MOM OM @ 
22” Oa 2 Q0oaagq0oeaoaoa 


CONTROL CONTROL BITS DATA BITS HOLDING REGISTER 


7 DATA STROBE 
STROBE HOLDING REGISTER BUFFER 


STEERING LOGIC R 


T F/F TRANSMITTER 
Se UER BUFFER EMPTY 


R 
16x T TIMING TRANSMITTER Sar out 
CLOCK  ~|GENERATOR SHIFT REGISTER 
OUTPUT 
LOGIC 
PARITY BIT 
GENERATION END OF 
LOGIC CHARACTER 


Fig.3 TRANSMITTER BLOCK DIAGRAM 


STATUS WORD 
TRANSMITTER 
BUFFER EMPTY 


ENABLE 
PARITY ERROR 


RECEIVED 
DATA ENABLE 
DATA 
AVAILABLE 
OVER RUN 
FRAMING 
ERROR 


RESET DATA 
AVAILABLE 


TBMT F/F 


AND GATE 


RECEIVER HOLDING REGISTER STATUS WORD 
BUFFER HOLDING REGISTER 


CONTROL 
BITS FROM 
HOLDING 
REGISTER 


SERIAL START BIT | RECEIVER 


SHIFT 
INPUT VERIFICATION LOGIC cp REGISTER 


| TIMING 
GENERATOR 


Fig.4 RECEIVER BLOCK DIAGRAM 
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SeteRAL AY-5-1013 
AY-5-1013A 
a AY-6-1013 
ELECTRICAL CHARACTERISTICS 
Maximum Ratings“ 


Vac (with respecttoVcc . .. 2... 2.02.2. ee ea ee —20 to +0.3V *Exceeding these ratings could cause perma- 

Clock and logic input voltages (with respect to Vcc) ....... —20 to +0.3V nent damage. Functional operation of these 

Storage Temperaiure............... 0204 —65°C to +150°C devices at these conditions is not implied 
Lead Temperature (soldering, 10seconds) ............. °+330°C —operating ranges are specified below. 


Standard Conditions (unless otherwise noted) 


Vac = —12V +5% 

Vcc = +5V +5% 

Temperature (Ta) = 0°C to +70°C (AY-5-1013/1013A) 
—40 C to! +85°C (AY-6-1013 Plastic Package) 
—55C to +125°C (AY-6-1013 Ceramic Package) 


DC CHARACTERISTICS 

Input Logic Levels 

Logic 0 (tin =—-1.6MA max.) 

Logic 1 Unit has internal pullup resistors 
Input Capacitance 

All Inputs 0 volts bias, f= 1MHz 


Leakage Currents 


Three State Outputs 0 volts 

Data Output Levels 

Logic 0 lor = 1.6MA (sink) 
Logic 1 lo. = .3mA (source) 


Output Capacitance 
Short Ckt. Current 


Power Supply Current 
loc 


See Fig.25 


AY-5-1013/1013A - See Fig.25 
AY-6-1013 - See Fig.25 
AY-5-1013/1013A - See Fig.26 


25°C, all inputs +5V 


lec 


AY-6-1013 

AC CHARACTERISTICS Ta = 25°C, output load 
capacitance 50pF max. 

Clock Frequency AY-5-1013 
AY-5-1013A 
AY-6-1013 

Baud AY-5-1013 
AY-5-1013A 
AY-6-1013 

Pulse Width 

Clock Pulse AY-5-1013 - See Fig.9 


AY-5-1013A - See Fig.9 
AY-6-1013-See Fig.9 


Control Strobe AY-5-1013/1013A-See Fig.15 


AY-6-1013 

Data Strobe AY-5-1013/1013A - See Fig.14 
AY-6-1013 

External Reset AY-5-1013/1013A - See Fig.13 
AY-6-1016 


Status Word Enable AY-5-1013/1013A - See Fig.21 
AY-6-1013 - See Fig.21 
AY-5-1013/1013A - See Fig.22 
AY-6-1013 - See Fig.22 
AY-5-1013/1013A - See Fig.21 
AY-6-1013 - See Fig.21 


Reset Data Available 


Received Data Enable 


Set Up & Hold Time 

input Data Bits 

Input Control Bits 

Output Propagation Display 
TPDO 


See Fig.14 
See Fig.15 


AY-5-1013/1013A - See Fig.21 & 24 
AY-6-1013 - See Fig.21 & 24 
AY-5-1013/1013A - See Fig.21 & 24 
AY-6-1013 - See Fig.21 & 24 


TPD1 


**Typical values are at +25°C and nominal voltages. 
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[=] AY-5-1013 « AY-5-1013A = AY-6-1013 


TIMING DIAGRAMS 


DS JNote 3 | 
TBMT | | | | | 


| [Note 2 


(H) otioatie miientientin dtuntteenttoa! tealtendien’ -——- 4 
so |staar ic IDATA I PEORTA ene OATA 3 1 OATA alt DATA 5!tDATA 6! DATA TIDATA BIPARITY 


(L) 


oe ae ee Meee or — 


Nore | +. BIT TIME 


in Tv aa eae 
{STOP | STOP 2] START IDATA | 
ns ya as aves oes: tr ss nw cad ee oa 


EOC | | 


NOTE: SEE FIGURES 7, 8, 9 FOR DETAILS. 


TRANSMITTER INITIALLY ASSUMED INACTIVE DETAIL: 


AT START OF DIAGRAM. SHOWN FOR 8 


LEVEL CODE AND PARITY AND TWO STOPS. 


|: BIT TIME = 16 CLOCK CYCLES. 


2: IF TRANSMITTER IS INACTIVE THE START 
PULSE WILL APPEAR ON LINE WITHIN 
| CLOCK CYCLE OF TIME DATA STROBE 
OCCURS. SEE DETAIL. 


3: SINCE TRANSMITTER IS DOUBLE BUFFERED 
ANOTHER DATA STROBE CAN OCCUR ANY- 


WHERE DURING TRANSMISSION OF 
CHARACTER | AFTER TBMT GOES HIGH. 


STROBE pl 


CLOCK 
haemo} Ne BIT 


so |START 


Fig.5 UAR/T TRANSMITTER TIMING 


TRANSMITTER INACTIVE - 
| TRANSMIT BUFFER LOADED WHEN EOC HIGH 


=O —Y- 


so START BIT 


ae eee ee ee eee eee Ee 
| Sees 

TBMT | jw—2-6 CLOCK cvCLES— | 

EOC | | 


Fig.6 TRANSMITTER AT START BIT ' 


7 abs ica ace els ee Demat hotel Rees Gan 
so Rit 21s'1e¢1516171e1P STOP | |sToP 2 
pea Geico pers Wiens Ceiay peetees pres ovo Ea | 


——NOTE ! DS AND CS MAY OCCUR 
| SIMULTANEOUSLY WHEN 
TRANSMITTER INACTIVE 


cas | 


LEGAL 
Cs ILLEGAL TO USE CS cs 


NOTE: CONTROL STROBE MAY BE HARDWIRED TO "! : 
IN THAT CASE, DATA MUST BE STABLE DURING “ILLEGAL CS" TIME. 


Fig.8 ALLOWABLE POINTS TO USE CONTROL STROBE 
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| TRANSMITTER ACTIVE 
| TRANSMIT BUFFER LOADED WHEN EOC LOW 


SO STOP BIT| START BIT 
UJ $ gf 
| 1 


ate 2-6 CLOCK cvcLes —=| | 


EOC 
[$$ $$$ $a |p 
Fig.7 TRANSMITTER AT START BIT 
MAXIMUM * tps MIN, AY-5-1013 
DUTY CYCLE * 750ns MIN, AY-5-IOI3A 
MINIMUM rer ** is MIN, AY-5-1013 
DUTY CYCLE 750ns MIN, AY-5—-I0I3A 
50 %o 
DUTY CYCLE 


ANY PULSE WIOTH WHICH MEETS 
ABOVE CRITERIA IS ALLOWABLE. 


Fig.9 ALLOWABLE TCP, RCP 


AY-5-1013 « AY-5-1013A = AY-6-1013 [a] 


“a 


TIMING DIAGRAMS 
Pr START DATA! DATA 2 OATA 3 DATA 4 DATAS DATA 6 DATAT DATA 6 PARITY STOP! STOP 2 START DATA! 
si | Oe ae A a ee 
“o" neal ea SU soe et eebitce ae a do a ue fans 


DATA 
STROBES ee RE ee EAE (ee) ARI (Pe ee, See ee Oe (ee 

PARITY NOTE i—+| 

ERROR 

FRAMING 
ERROR NOTE | —=— 

IF 

DATA 
AVAILABLE NOTE 2 | 
OVER RUN NOTE i— 


NOTES: 
|. THIS IS THE TIME WHEN THE ERROR CON- 4. ABOVE SHOWN FOR 8 LEVEL CODE 
DITIONS ARE INDICATED, IF ERROR OCCURS. PARITY AND TWO STOP. FOR NO PARITY, 
2. DATA AVAILABLE IS SET ONLY WHEN THE STOP GITS FOLLOW DATA. 
RECEIVED DATA, PE, FE, OR HAS BEEN 5. FOR ALL LEVEL CODE THE DATA IN THE 
TRANSFERRED TO THE HOLDING REGISTERS. HOLDING REGISTER IS RIGHT JUSTIFIED; 
(SEE RECEIVER BLOCK DIAGRAM), THAT IS, LSB ALWAYS APPEARS IN 


3. ALL INFORMATION IS GOOD IN HOLDING ROT AEIN 12). 


REGISTER UNTIL DATA AVAILABLE TRIES TO 
SET FOR NEXT CHARACTER. 


Fig.10 UAR/T RECEIVER TIMING 


DAV AND STOP BIT ONE 
SO a ee ee 


TRUE RCVR CENTER SAMPLING 
{ 2 3 4 5 6 7 8 
RCP 


| | wa SAMPLE 


st) be 8 CLOCKS POINT l 

ae 3 Sam a a pl a pu Os 
SI a 8% CLOCKS —________> | 
INTERNAL 


| 
SAMPLE 
sl Th 7 2 CLocKS —_______+ tps ke 
' 


| 
ej ja [E10 TRANSITION OF | FOL nee 


I 
' 
FIRST STOP BIT 


START BIT OCCURS HERE, | PE, FE, OR 
THEN | 
SAMPLE POINT WILL BE HERE——™> DAV ON 
| 3 us 
INTERNAL SAMPLE PULSE — DAV OFF 
Fig.11 Fig.12 RECEIVER DURING 1st STOP BIT 


— i = 

MIN. ue 
WHEN NOT IN USE, XR NP, TSB, NB2,1, EPS 
MUST BE HELD AT GND. 

300ns >0 
XR RESETS EVERY REGISTER >0 I9Ons >0 MIN. 
EXCEPT CONTROL REGISTER AND MIN 
RECEIVED DATA. SO, TBMT, EOC CONTROL BITS MUST BE STABLE 
ARE RESET TO 5V ALL OTHER FOR LAST 300ns OF CS. 
OUTPUTS RESET FO OV. Fig.14 DS 
Fig.13 XR PULSE Fig.15a CS 


VIH— 


300ns 


NP_ETC. MIN, 
LEADING EDGE OF DATA IS NOT CRITICAL a 34s 
CONTROL STROBE AND CONTROL BITS AS LONG AS TRAILING EDGE ANO TYP. | 
MUST BE 300ns MINIMUM. PULSE WIDTH SPECS ARE OBSERVED. 
Fig.15b CS Fig.15c CS Fig.16 
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[=] AY-5-1013 = AY-5-1013A = AY-6-1013 


TIMING DIAGRAMS 


vo.— — |— — 


az Ips 500ns IES le 
TYP. TYP. 


TYP. 


Fig.17 EOC TURN-ON Fig.18 TBMT TURN-OFF Fig.19 EOC TURN-OFF 


RODE E 


250ns 
MIN, 
TRI-STATE . 
OUTPUTS 


Vil— 


| 
RDI-ROS : DAV | 
PE, FE,OR, | | 
TBMT DA, TBMT ! | voL—>+ — 
oe TYP. 


{ 


1 500 ns H- | 500 ns 
MAX. VOL MAX. 


Fig.20 TBMT TURN-ON Fig.21 RDE, SWE Fig.22 RDAV 


TYPICAL CHARACTERISTIC CURVES 


3.5 


SHORT CIRCUIT 
OUTPUT CURRENT 


ae 
LA —_ 
iA NOMINAL eS 


Cour PF 


Fig.24 RE1, RD8, PE, FE, OR, TBMT, DAV 


ae VOLT SUPPLY CURRENT 
Ee WORST at 
Za 


~,] 


NOMINAL 


10 20 30 40 50 60 70 10 30 40 50 60 70 


CASE TEMPERATURE (°C) ae TEMPERATURE (°C) 


Fig.25 -12 VOLT SUPPLY CURRENT Fig.26 +5 VOLT SUPPLY CURRENT 
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AY-3-1014A AY-3-1015 


o 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voc (with respecttoVe@i). . 2... 2... —0.3 to +16V “Exceeding these ratings could cause perma- 
Storage Temperature. .......... -65°C to +150°C nent damage. Functional operation of these 
Operating Temperature... ......2... 0°C to + 70°C devices at these conditions is not implied 
Lead Temperature (Soldering, 10sec) ........ +330°C —operating ranges are specified below. 


Standard Conditions (unless otherwise noted) 


Vec = +4.75 to +14V (AY-3-1014A) 
Vec = +4.75V to +5.25V (AY-3-1015) 
Operating Temperature (Ta) = 0°C to +70°C 


DC CHARACTERISTICS 
Input Logic Levels 
Logic 0 

Logic 1 

Input Capacitance 
All inputs 

Output Impedance 
Tri-State Outputs 
Data Output Levels 
Logic 0 

Logic 1 

Output Capacitance 
Short Ckt. Current 


Power Supply Current 

loc at Vcc = +5V (AY-3-1014A) 
loco at Vcc = +14V (AY-3-1014A) 
loc at Veco = +5V (AY-3-1015) 


A.C. CHARACTERISTICS 


Clock Frequency 
Baud Rate 


Pulse Width 

Clock Pulse 

Control Strobe 

Data Strobe 

External Reset 

Status Word Enable 
Reset Data Available 
Received Data Enable 
Set Up & Hold Time 
Input Data Bits 

Input Control Bits 
Output Propagation Delay 
TPDO 

TPD1 


**Typical values are at +25°C and nominal voltages. 


Conditions 


AY-3-1015 has internal 
pull-up resistors to Voc. 
0 volts bias, f= 1 MHz 


lor = 1.6 MA (sink) 
lon = -0.3mMA (source) 


See Fig.45. 


See Fig.47. 
See Fig.48. 


Ta = 25°C, Output load 
capacitance 50 pF max. 


See Fig.31 
See Fig.37 
See Fig.36 
See Fig.35 
See Fig.43 
See Fig.44 
See Fig.43 


See Fig36 
See Fig.37 


See Fig.43 & 46 
See Fig.43 & 46 
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AY-3-1014A @ AY-3-1015 


TIMING DIAGRAMS 


TBMT | | | | | 


NOTE 2 
(H) a ie ee ee 


pers, he We eS ey ee re a ee | eral 

so START i DATA | | OATA ei DATA 3 1 DATA ed hasan 51tDATA 61 DATA alia Pen ISTOP | STOP 2] START ! DATA 1 

(L) [stant foara ti ss pea Spr pO A SURE RURAL FN eo Re ne An (lS ent WEN ne [stant Fora 4 
NOTE ieee TIME 


EOC 


NOTE: SEE FIGURES 28, 29,30 FOR DETAILS. 


TRANSMITTER INITIALLY ASSUMED INACTIVE DETAIL: 
AT START OF DIAGRAM. SHOWN FOR 8 


LEVEL CODE AND PARITY AND TWO STOPS. DATA | 
STROBE 
1: BIT TIME = 16 CLOCK CYCLES. — 
2: IF TRANSMITTER IS INACTIVE THE START bhacig 
PULSE WILL APPEAR ON LINE WITHIN L | | | | | | | 
| CLOCK CYCLE OF TIME DATA STROBE 
OCCURS. SEE DETAIL. 


3: SINCE TRANSMITTER IS DOUBLE BUFFERED so [start 
ANOTHER DATA STROBE CAN OCCUR ANY- ‘ 
WHERE DURING TRANSMISSION OF 
CHARACTER | AFTER TBMT GOES HIGH. 


Fig.27 UAR/T-TRANSMITTER TIMING 


TRANSMITTER _ INACTIVE TRANSMITTER ACTIVE 


TRANSMIT BUFFER LOADED WHEN EOC HIGH TRANSMIT BUFFER LOADED WHEN EOC LOW 
! \ 


Top | | | | | | | | TCP | | | | | | | | 
i ae ar 
a as ae |i _ roi a 
| | | { 
H 
so START BIT Ye) | | START ! 
($$$ | a 
| 
Cr a ed | TeMt | an co 
anette nnn 
| 


Fig.28 TRANSMITTER AT START BIT Fig.29 TRANSMITTER AT START BIT 
MAXIMUM x 
s Spa Se PS ea a * 3us MIN 
2 Mri 2tsla4istei7is | & [stor Istor 21 nh CxS 
fete Dtie Neetioe: Unnamed ak: Gensler vee l 
DS and MINIMUM ae 
me ——NOTE! DS AND CS MAY OCCUR DUTY CYCLE is 3s MIN 


| SIMULTANEOUSLY WHEN 
TRANSMITTER INACTIVE 


DA | 
50 % 


DUTY CYCLE 
co ILLEGAL TO USE CS LEGAL 
cs 
NOTE: CONTROL STROBE MAY BE | HARDWIRED TO "I" ANY PULSE WIDTH WHICH MEETS 
IN THAT CASE, DATA MUST BE STABLE DURING "ILLEGAL CS" TIME. ABOVE CRITERIA IS ALLOWABLE. 
Fig.30 ALLOWABLE POINTS TO USE CONTROL STROBE Fig.31 ALLOWABLE TCP, RCP 


150 


TIMING DIAGRAMS 


" START DATA 1 
ccc 
' | ' t 


ee eer es eas i a DE ss es a ee ee a 


AY-3-1014A @ AY-3-1015 [=] 


DATA 2 DATA 3 DATA 4 DATAS DATA 6 DATAT DATA & PARITY STOP! STOP 2 START DATA! 
ON s eh ee a Sh Pm See A ce oe se ST eet As te ony | aes 


' T MSB t : a Lee 


DATA | | | | | | | | | | | | 
STROBES 
PARITY NOTE |—> 
ERROR a a are eg Sr ‘| 
FRAMING NOTE | ae 
ERROR 
IF | CLOCK 
DATA 
AVAILABLE died has 


OVER RUN NOTE i—J 


NOTES: 


1. THIS IS THE TIME WHEN THE ERROR CON- 
DITIONS ARE INDICATED, !F ERROR OCCURS. 


2. DATA AVAILABLE IS SET ONLY WHEN THE 
RECEIVED DATA, PE, FE, OR HAS BEEN 
TRANSFERRED TO THE HOLDING REGISTERS. 
(SEE RECEIVER BLOCK DIAGRAM). 


3. ALL INFORMATION iS GOOD !IN HOLDING 
REGISTER UNTIL DATA AVAILABLE TRIES TO 
SET FOR NEXT CHARACTER. 


4. ABOVE SHOWN FOR BS LEVEL CODE 
PARITY AND TWO STOP. FOR NO PARITY, 
STOP BITS FOLLOW DATA. 


5. FOR ALL LEVEL CODE THE DATA IN THE 
HOLDING REGISTER IS AIGHT JUSTIFIED; 
THAT IS, LSB ALWAYS APPEARS IN 
RO! (PIN 12). 


Fig.32 UAR/T RECEIVER TIMING 


TRUE RCVR CENTER SAMPLING 


SI L+—————-_ 8 cocks. —_____- 
| 


| ] INTERNAL 
SAMPLE 
SI j 7 CLOCKS ——______» 
| | 
RDI -RDB 
IF |>0O TRANSITION OF 
=“ I START BIT OCCURS HERE, I PE, FE, OR 
THEN | 
SAMPLE POINT WILL BE HERE —> DAV ON 
INTERNAL SAMPLE sae DAV OFF 


Fig.33 


DS 
Vit — 


MIN. 


WHEN NOT IN USE, XR 
MUST BE HELD AT GND. 


XR RESETS EVERY REGISTER, 
SO, TBMT, EOC ARE RESET TO 
5V ALL OTHER OUTPUTS 
RESET TO OV. 


DATA 


Fig.36 DS 


Fig.35 XR PULSE 


LEADING EDGE OF DATA |S NOT CRITICAL 
AS LONG AS TRAILING EDGE AND 
PULSE WIDTH SPECS ARE OBSERVED. 


CONTROL STROBE AND CONTROL BITS 
MUST BE 300ns MINIMUM. 


i 20ns MIN. 
Fig.37b 


H — 
20ns ind 7 | 


20ns MIN. 


Fig.37c 


DAV AND STOP BIT ONE 


FIRST STOP BIT 


Se ea 


Fig.34 RECEIVER DURING 1ST STOP BIT 


esis Sas 
200 5 
MIN. 


CONTROL BITS MUST BE STABLE 
FOR LAST 300ns OF CS. 


VIH 


NP, TSB, NB2,1, EPS 


20 


Fig.37a CS 


SEROUT— — 7— 


Fig.38 SEROUT 
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[=] AY-3-1014A @ AY-3-1015 


TIMING DIAGRAMS 


__{s00ns 
TYP. 


Fig.39 EOC TURN-ON Fig.40 TBMT TURN-OFF 


VObS 
500ns LL fa 500ns 
TYP, TYP. 


Fig.41 EOC TURN-OFF Fig.42 TBMT TURN-ON 


| een 


DE, SWE" 


TRI-STATE 
OUTPUTS 


RDiI-RDS 


PE, FE, OR, 
DA, TBMT oss les: 
“1 500ns -- | 500 ns 
MAX. VOL MAX. 
Fig.43 RDE, SWE Fig.44 RDAV 
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TYPICAL CHARACTERISTIC CURVES 


SHORT CIRCUIT 
OUTPUT CURRENT 


Fig.45 SHORT CIRCUIT OUTPUT CURRENT 


Lee ma 


CASE TEMPERATURE (°C) 


Fig.47 +5 VOLT SUPPLY CURRENT 


AY-3-1014A @ AY-3-1015 [a] 


2500 


2000 — 


. - 

Cc 

2 1000 NOMINAL 

3 
. a 


Fig.46 RD1-RD8, PE, FE, OR, TBMT, DAV 


+14 VOLT SUPPLY CURRENT 
ee WORST pe 
[aia \ 


Teg mA 


O iO 20 30 40 50 60 70 
CASE TEMPERATURE (°C) 


Fig.48 +14 VOLT SUPPLY CURRENT 
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| AY-5-1016  AY-6-4016 


Random/Sequential Access Multiplexer 


FEATURES 


Directly interfaces with TTL/DTL and MOS. 
Current or voltage modes of operation. 
Random or sequential access. 
Single ended or differential operation. 
Expandable in either the sequential or random access 
modes. 
= Programmable length counter for sequential applications. 
w DC to 2MHz operation. 
m Extremely high off-resistance. 
= Choice of Operating Temperature Ranges: 
AY-5-1016 — 0°C to +70°C 
AY-6-4016 — —55°C to +125°C 
@ Zener network protection on all input leads. 


DESCRIPTION 


The AY-5-1016 and AY-6-4C16 are each a 16 Channel Random/ 
Sequential Access Multiplexer containing a programmable 4 
stage binary counter, a 4 x 16 decode matrix, and 16 single-pole 
double-throw switches. 


the Shunt Enable control line permits the selection of Current 
Mode or Voltage Mode operation and in conjunction with the 
Current Mode, matching resistors are provided to improve ac- 
curacy. The Differential Mode Control! allows the switches to 
operate as eight ganged pairs, while the Matrix Inhibit line allows 
multiple AY-5-1016’s (or AY-6-4016’s) to be connected to form 
larger multiplexing arrays. The Load Enable control allows syn- 
chronous loading of the 4 address inputs on a low to high 
transition of the Clock. The DC load control is provided for 
asynchronous loading of the address inputs independent of the 
Clock and Load Enable inputs. The Sync Output occurs when- 
ever Channel 15 is selected and is provided to allow expansion in 
the sequential mode of operation. Also by connecting the Sync 
Output to the Load Enable Input, the counter length can be 
programmed via the address inputs. Any desired length of from 1 
to 16 states can be programmed in this manner. 
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Load Enable 
Differential Mode Control 
Voc (-12V) 


PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


Top View 
yy, 


Veco (+5V) Fe 1 
21 input 
22input 
23 input 


Channel 8 

Channel 9 
Channel! 10 
Channel 11 
Channel 12 
Channel 13 
Channel 14 
Channel 15 


~s* DON DON Aa W NY 
=a oO 


2° input 
DC Load 
Clock 
Matrix Enable 
N.C. 

N.C. 

N.C. 
Channel 0 
Channel 1 
Channel 2 
Channel 3 
Channel 4 
Channel 5 
Channel 6 
Channel 7 


N.C. 
Series Bus 2 ~} Series Bus 1 
Matching Resistor 2 r} Matching Resistor 1 
Shunt Bus ~J Shunt Enable 
Vg) (GND) [} Sync Output 


BLOCK DIAGRAM 


CHANNEL INPUTS 


SERIES BUS NO.I 

SERIES BUS NO.2 

SHUNT BUS 

MATCHING RESISTOR NO. 1 
> MATCHING RESISTOR NO.2 


MULTIPLEXER 
SWITCHES 


SYNC, OUTPUT 


| BINARY COUNTER 


ADDRESS INPUTS 


SSI 


LOGIC DIAGRAM 


( ) = Pin Numbers 


CHANNEL CHANNEL CHANNEL a CHANNEL CHANNEL CHANNEL CHANNEL = MATCHING | 
! O 
(33) 9 (32) 9 (31) ? (30) © (29) 9 (28) (27) (26) (23) 


(19) 
SHUNT BUS 24) 


SERIES BUS #1 
ee oe tee ce Pig Pg | rag Pag. Pear 


aos a _ a — 
ENABLE yee ice 


p.c. (39) 0 Q 
ae catits te 
c G 
0 Q 


“ Rese Ph HH 
~peeero re 
=| = fob 7s EEE 


sere i i Seal ime — tt — i — it it i — | 
pes 1 SYNC. 
OUTPUT 
Neg ts, 
eal ee tt 6 (9) 6 (10) 2 (11) 6 (12) b (13) O (14) (15) b(18) 
nb ne cen i a ei ; L shar aaa Hee Net ae SHARBEL PanRNet eee CHANNEL aesispens. 
NOTES: 
1. Direct Address gated when either DC Load = “1” or Load Enable = “0”. 4. Shunt Enable = “0” connects shunt FETS into circuit. 
2. DC Load gives permanent high clock. 5. Differential Mode Control = “1” connects channels 8-15 ganged to channels 0-7. 
3. Matrix Enable = “1” inhibits matrix. 6. Sync Output = “O” when channel 15 is accessed. 


9L0b-9-AV = SLOL-S-AV 


[=] AY-5-1016 = AY-6-4016 


ELECTRICAL CHARACTERISTICS | 


Maximum Ratings 


Vor and Vac (with respect to Vcc) . . 2... we ee —20V to +0.3V 

Clock and Logic Input Voltages (with respect toVcc)....... —20V to +0.3V *Exceeding these ratings could cause 
Bus Voltages (Bus 1, Bus 2, and Shunt Bus with respect to Vcc) . . . —20V to .3V permanent damage. Functional 
Matching Resistor Nodes (with respect toVcc) ..........4. —20V to .3V operation of these devices at these 
Storage Temperature... ..........2. 050500. —55°C to +150°C conditions is not implied—operating 
Operating Temperature Range: ........... 0°C to +70°C (AY-5-1016) ranges are specified below. 


' —55°C to +125°C (AY-6-4016) 
Standard Conditions (unless otherwise stated) 


Vcc = +5 Volts +0.5 Volts (Vcc = Substrate voltage) Operating Temperature (Ta) = —0°C to +70°C (AY-5-1016) 
Voc = —12 Volts +1 Volt —55°C to +125°C (AY-6-4016) 


Vor = GND 


Clock Inputs (See Fig.1) 
Repetition Rate 


Clock Pulse Width (dpw) at 2MHz, (See NOTE 1) 


Clock Pulse Width (¢@pw) at 200Hz 
Clock Pulse Delay (dd) See NOTE 1 
Logic Levels 
Logic “0” 
Logic “1” 


Input Capacitance 
Input Impedance 

Rise & Fall Time (tr, tf) 
Rise & Fall Time (tr, tf) 
Noise Immunity 


Address Inputs (See Fig.1) 


Clock Lead Time 
Logic Levels 
Logic “0” 
Logic an fe 
Input Capacitance 
Input Impedance 
Noise Immunity 


Load Enable Input (See Fig.1) 


Clock Lead Time 
Logic Levels 
Logic “QO” 
Logic “1” 
Input Capacitance 
Input Impedance 
Noise Immunity 


DC Load Input (See Fig.2) 


Pulse Width (90% points) 
Logic Levels 
Logic “0” 
Logic “1” 
Input Capacitance 
Input Impedance 
Noise Immunity 


Vin = +5V to —5V 
at 100KHz 
at 2MHz 


Vin = +5V to —5V 


Vin = +5V to -5V 


Vin = +5V to -5V 


*“Typical values are at +25°C and nominal voltages. 
NOTE 1: @pw+t dd > 500ns 


TIMING DIAGRAMS 


Fig.2 


90% 
D.C. LOAD 


PULSE WIDTH 


a 
UTS Jog, 


von ADDRESS CLOCK 
LEAD TIME 


LOAD ENABLE 
CLOCK LEAD TIME 


LOAD 
ENABLE 
10% 


NOTE: Address Inputs and the Load Enable Input must be present during the 0 to 1 transition of the Clock. 
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AY-5-1016 = AY-6-4016 [=} 


Shunt Enable 


Logic Levels 
Logic “0” 
Logic “1” 
Input Capacitance 
Input Impedance 
Noise Immunity 


Matrix Enable 
Response Time (See Fig. 3) 


Vin = +5V to —5V 


Ton at 25°C Output voltage 

Torr response with10 MQ, 10 pF load 
Logic Leveis 

Logic “0” 

Logic “1” 


Input Capacitance 
Input Impedance 
Noise Immunity 


Differential Mode Control 
Response Time (See Fig. 4) 


Vin= +5V to -V 


Ton at 25°C Output voltage 

Torr response with 10 MQ, 10 pF load 
Logic Levels 

Logic “0” 

Logic “1” 


Input Capacitance 
Input Impedance 
Noise Immunity 


Series Switches 
Ron 

(Current Mode) lin = 100 pA 

Series Bus 1 = Series 
Bus 2 = OV (Vcc —5V) 
Ta= 25°C 

Veco = +5V 

Vac = 12V 

Ron 

(Voltage Mode) Vin = +5V, Ri = 300 KO 
Ta = 26°C 

Vcc = +5V 

Voc=-12V 

Vin = OV, Ri = 300 KO 
Ta= 25°C 

Vcc = +5V 

Voc =—-12V 

Vin = Vcc —10V 

Ta= 25°C 

Output Voltage Waveform 
with 10 MQ, 10 pF load 
Ta= 25°C 


R off 


Turn On Time 


+x! 


Typical values are at 25°C and nominal voitages. 


TIMING DIAGRAMS 


90% — 
MATRIX 
ENABLE 


10% 90% 
7 OIFFERENTIAL 
ONT 


Torr see 
CHANNEL 
OUTPUT 50 % : 
m— Ton 
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AY-5-1016 # AY-6-4016 


Characteristic 


Sync Output (See Fig.5) 


Logic “0” 


Logic “1” 

Rise Time (tr) 
Fall Time (tf) 
Response Time 


input Leakage 
Channels 0-15 (Per Channel) 


Series Bus 1, 2 
Shunt Bus 


Shunt Switches 
Ron 


R off 


Turn On Time 


Matching Resistors 


Ron 


Channel Input Capacitance, 
Channels 0-15 (Per Channel) 


Power Consumption 


Current Drain 
lec 
lac 
Icc 
loc 


Power Dissipation (Device) 
Per Channel 


**Typical values are at 25°C and nominal voltages. 


TIMING DIAGRAMS 


min | em | oe | ote 


Conditions 


Isink = 1.6MA min. Load 


C = 10pF oe 
lor = 100 vA min. 


at 25°C 
at 25°C 


Vin = Vec —5V 
at 25°C 

Veaus = Vcc —5V 
at 25°C 

Veaus = Vcc —5V 
at 25°C 


lin = 100 pA 

Shunt Bus = OV 

Vcc = +5V 

Vac =—12V 

Ta = 25°C 

lin = 100 wA 

Shunt Bus = +5V 

Vcc = +5V 

Vac =-—12V 

Ta = 25°C 

Vin = Vec —10V 

Ta = 25°C 

Output Voltage Waveform 
with 10 MQ, 10 pF load 
Ta = 25°C 

iin = 100 pA 

Vaus = OV 

lin= 100 pA 

Vaus = +5V 


} Series MODE Vac = —-12V 
Shunt MODE Vcc = +5V 


Vec = +5V 


Series MODE eeesdoy 


Shunt MODE 


AY-5-1016 = AY-6-4016 


TYPICAL CHARCTERISTIC CURVES 


°c 


SERIES MODE 


SHUNT MODE °C 


THREE CURVES 


-SV % TYP. OF ALL 


see 


Nu 


MAX. MATCH * 
MATCHING RESISTOR 
MIN. MATCH*® 


WW 
YN, 


fo} oO 
vt 2) 


SG 
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GENERAL 


INSTRUMENT 


MEM1056 
MEM1056BCD 
AY-5-3500 
AY-5-3507 
AY-5-3510 
AY-5-4007 
AY-5-4007A 
AY-5-4007D 
AY-5-4057 
AY-5-5053 
AY-5-5054 


GENERAL 


MEM1056 


MEM1056BCD 


INSTRUMENT 


One Digit Counter/Display Driver 


FEATURES 


Up/Down Presettable BCD Counter 
BCD-to-Seven Segment Decoding 
False Code Indication 

Direct Display Drive Capability 

Low Power Consumption 

No High Voltage Necessary 


MEM1056 

s Count Zero Indication 

® Internal Storage Registers 
# Decimal Point Indication 
# Blanking Provision 


MEM1056BCD 
s Synchronous and Asynchronous Up/Down Counting 
m Internal Storage Registers with BCD Outputs 


DESCRIPTION 


The MEM1056 and MEM1056BCD are MTOS monolithic inte- 
grated circuits designed to operate in conjunction with a seven 
segment numeric indicator, such as the Tung-Sol Digivac S/G 
readout display tube. They contain a one decade up-down BCD 
counter, a storage register, a BCD-to-seven segment decoding 
matrix and display drivers. 


BLOCK DIAGRAM - MEM1056 


PRESET COMMAND 
o' 
oi £ 


2! 


UP/DOWN 
8CD 


02 

PRESET 

INPUTS 2 
D4 2 COUNTER 
3 

08 2 


COUNT DISABLE 
COMMAND 


COUNT UP/DOWN 
COMMAND 


STORAGE 
REGISTER 


CLOCK INPUT 


VY VY 


COUNT 
ZERO 
OUTPUT 


BLANKING DOT 
INPUT = {NPUT 


CARRY 
PROPAGATE 
OUTPUT 


BLOCK DIAGRAM - MEM1056BCD 


PRESET COMMAND 


PRESET 


STORAGE 
(NPUTS 


REGISTER 


20 
UP/DOWN 
as 
COUNTER 


COUNT DISABLE 
COMMAND ‘7 
COUNT UP/DOWN x 
COMMAND 
STORAGE 
ENTRY 
COMMAND 


CARRY 
PROPAGATE 
OUTPUT 


CLOCK INPUT 
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STORAGE 
ENTRY 
COMMAND 


PIN CONFIGURATION 


24 LEAD DUAL IN LINE 
MEM1056 


Top View 


_ 


Ground 

Count Disable Command 
Clock Input 

Preset Command 

D1 Input (2°) 

D2 Input (2") 

D4 Input (2) 

D8 tnput (2%) 

Count Zero Output 
Blanking Input 

Carry Propagate Output 
Dot Input 


“DONO NAR WD OD 


> 
no~ o 


24 LEAD DUAL IN LINE 
MEM1056BCD 


Top View 


~_ 


Ground 

Carry Propagate Output 
Storage Entry Command 
Bar E Output 

Bar F Output 

Bar C Output 

Bar D Output 

Bar G Output 

Bar B Output 

Bar A Output 

Ss Output 

S4 Output 


CODNAnALKWHND @ 


BCD TO 
DECIMAL 


DECIMAL- 
CONVERTER 


TO-SEVEN- 
SEGMENT 
CONVERTER 


OUTPUT 
MTOS 
TRANSISTOR 
SWITCHES 


WN AA DUN —- O 


FORBIDDEN 
NUMBER 
DECODER 


Count Up/Down Command 
Vop (-1 3V) 


Veg (-27V) 


Bar A Output 
Bar B Output 


_Bar G Output 
, Bar D Output 


Bar C Output 

Bar F Output 

Bar E Output 

Dot Output 

Storage Entry Command 


Dg Input 

Da Input 

D2 Input 

D; Input 

Preset Command 

Vag (-27V) 

Voo (-13V) 

Clock Input 

Count Disable Command 
Count Up/Down Command 
S, Output 

S, Output 


Gl AY-5-3500 


3% Digit DVM Circuit 


FEATURES 

@ Single Ramp Integration. 

@ Three measurement ranges 999, 1999, 2999. 

m Dual Polarity. 

m Reading Rate up to 70 measurements per second. 
@ Overrange indication, 2 most significant digits flash. 
m Separate overrange output available on 1999 


and 2999 ranges. 

Underrange output. 

Operating voltage 13V to 17V. 
Power consumption 30mW typical. 
7 segment or BCD output. 
Controllable display brightness. 
Load enable freezes display. 

Hold input halts measurement. 


DESCRIPTION 
The AY-5-3500 is a single ramp, dual polarity digital voltmeter 
chip having a selectable scale length of 999, 1999, 2999. 


It is manufactured using the MTNS low voltage p-channel nitride 
technology. Low power dissipation achieved by the use of 4- 
phase logic with an “on chip” clock generator. 


BLOCK DIAGRAM 


PIN CONFIGURATION 
28 LEAD DUAL IN LINE 


Top View 


_ 


Vsg (GND) 

Veg (-15V) 
Underrange output 
Overrange output 

X, Scale length select 
Xp Scale length select 
BCD enable 

20/A Segment output 
21/B Segment output 
22/C Segment output 
23/D Segment output 
E Segment output 

F Segment output 

G Segment output 


Vel (-7.5V) 
Clock input 

Reset output 

Clamp output 

Vin comparator 

Vx comparator 

N.C. 

Multiplex input 

Hold enable 

Load enable 

10° (LSD) Digit Select 
10" Digit Select 

10? Digit Select 
Polarity, 10° (M.S.D.) Digit Select 


OMNON wD BO 


See next page for details of Pin Functions. 


27ALSO 27ALSO- 2'ALSO-—_- 2° ALSO 


10° MSD, SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT 


10°LSD 10! 10? POL.1,2,3 G F 


INPUT LOGIC 


HOLD 


ENABLE 
INPUT 


LOAD 
ENABLE 
INPUT 


START LOGIC 


INPUT 
COMP. 


CLAMP 
OUTPUT 


SHORT PULSE 
RESET DETECTOR 
OUTPUT 


Colle 1 Tg ICOUNTER STOP AND e - ¥ R RANGE oven: 
: ae +10 +10 +4 OVE 
ars z LOGIC 


E D Cc B A 


B.C.D. 
ENABLE 


7 SEGMENT AND 
B.C.0. ROM 


MULTIPLEXER 


RANGE 
OUTPUT 


UNDER-RANGE 
LOGIC 


UNDER- x1 X2 
RANGE 
OUTPUT 
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AY-5-3500 


PIN FUNCTIONS 


OVERRANGE OUTPUT 

This output goes to logic ‘1’ as soon as an overrange count has 
been detected. It returns as logic ‘0’ at the end of the measure- 
ment cycle. 

It operates at 2000 on the 1999 range 

It operates at 3000 on the 2999 range 


MEASUREMENT CYCLE 

The measurement cycle lasts 128 Multiplex clock periods. Data is 
transferred to the display store from clocks 113 to 120. The 
counters are reset from 121 to 128. 


UNDERRANGE OUTPUT 
The underrange output is a pulse from clock 105 to 112 if the 
reading is less than 259. 


SCALE LENGTH SELECT 


XXX | 
1XXX) First 
| Two Digits 
3XXX} Flash 


XXX 

1XXX 

1XXX) First Two 
axxKiDicite Flash 


XXX 
1XXX 
2XXX 


a) First Two 
Digits'Flash 


164 


CLAMP OUTPUT . 

The clamp output goes toa logic ‘1’ after 3 Counter clock periods 
following the input from the Vin comparator. This output is used 
to switch off the Vin comparator thus reducing the average input 
current by a factor of approx. 70. Fig.2 shows input waveforms 
without use of clamp-output and Fig.3 shows waveforms with use 
of clamp output and timing for Clamp output. 

BCD ENABLE 

Logic ‘0’ = BCD 

Logic ‘1’ = 7 segment 

BCD OUTPUTS 

The BCD outputs appear on the 7 segment output lines (Logic (1) 
is the Active Level); E, F, G are blanked to logic ‘0’ 

A=2 


LOAD ENABLE 

Logic ‘0’ = Normal Operation 

Logic ‘1’ = Freeze Display 

HOLD ENABLE 

Logic ‘0’ = Halts measurement cycle in reset state 
Logic ‘1’ = Normal Operation 

RESET OUTPUT 

Logic ‘1’ resets ramp generator 

NEGATIVE SIGN OUTPUT 

Displayed on segment G output on 999 and 1999 ranges. Inhib- 
ited on 2999 range. 


OPERATION 


A linear stable ramp is generated and compared to zero volts and 
the input voltage in two comparators. The time between the 
changing of the comparator outputs is proportional to the 
magnitude of the input voltage, and the sequence of switching 
gives the polarity. 


AY-5-3500 


MULTIPLEX 
WPUT 
128 MULTIPLEX 
He cLock PERIODS 
8—e| oe —e] ee 8 
RESET 
MULTIPLEX OUTPUT 
1410") 1 
+ 
RAMP 0 
GENERATOR 
1 
t 
. H 1 
0 } } 
oer v 
2(10') COMP. 
1 
INPUT ° 
MULTIPLEX COMP. 
OUTPUT FOR -ve 
3(10%) POLARITY 4 
DISPLAY 
x 
MOUTPUT INPUT ° 
4(10%) FOR +ve 
POLARITY 
POLARITY DISPLAY, 
. 1, 2. 
aa NOTE: NOT TO SCALE 
Fig.1 MULTIPLEX INPUT AND OUTPUT Fig.2 INPUT AND RESET OUTPUT 


js 128 MULTIPLEX 
CLOCK PERIODS 


o 8—e| —e| ~~ 8 ~~ 128 MULTIPLEX CLOCK PERIODS —>| 
RESET 8 8 
OUTPUT 0 Biel = = i 
1 RESET 
i H OUTPUT 
' ' 
+ 
1 
RAMP 0 H 1 
GENERATOR | H ‘ ' 0 
1 ! t ) 
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FOR -ve NOTE: OVER-RANGE OUTPUT GOES TO A LOGIC ‘1’ AS SOON AS AN OVER-RANGE COUNT HAS BEEN DETECTED. IT 
RETURNS TO A LOGIC ‘0’ AT THE END OF THE MEASUREMENT CYCLE WHICH IS 328 MULTIPLEX CLOCK PERIODS 
POLARITY LONG. 
DISPLAY UNDEA-RANGE OUTPUT IS ONLY ACTIVATED iF THE COUNT 1S LESS THAN 259. 
1 tT SHOULD BE NOTED THAT THE INTERNAL LOAD COMMAND SIGNAL HAS THE SAME TIMING AS THE UNDER-RANGE 
hecty——- —o| fo— OUTPUT. I.E. THE MAXIMUM TIME AVAILABLE FOR MEASUREMENT IS THE FIRST 104 MULTIPLEX CLOCK PERIODS. THE 
NOTE: NOT TO SCALE 3 COUNTER CLOCK PERIODS CONTENTS OF THE COUNTERS ARE THEN LOADED INTO THE STORE FOR THE NEXT 8 MX CLOCK PERIODS. 
Fig.3 INPUT AND RESET OUTPUT TIMING Fig.4 UNDER-RANGE AND OVER-RANGE OUTPUT 


DIAGRAM SHOWING CLAMP OUTPUT 


128 MULTIPLEX 
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Fig.5 RESET OUTPUT WITH RESPECT TO HOLD ENABLE INPUT 
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AY-5-3500 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voltage on any pin with respect to Vss pin . . . .—20V to +0.3V *Exceeding these ratngs could cause 

Storage temperature range. ......... —65°C to +150°C permanent damage. Functional operation of 

Ambient operating temperature range ...... 0°C to +70°C this device at these conditions is not 
implied—operating ranges are specified 

Standard Conditions (unless otherwise noted) ~ below. 

Vss = OV 

Voc = —15 +2V 


Vai = Vac/2 (Note 8) 
Temperature (Ta) = 0°C to +70°C 


At logic ‘0’ and ‘1’ levels 


Clock Input 
‘Frequency 

Pulse width 

Rise and Fall time 
Logic ‘0’ level 

Logic ‘1’ level 
Multiplex Input 
Frequency 

Pulse width 

Logic ‘0’ levei 

Logic ‘1’ level 
Control Inputs 
Logic ‘0’ level 

Logic ‘1’ level 
Leakage (all inputs) 
Segment, Overrange, 
Underrange Outputs 
Logic ‘0’ 

Logic ‘1’ 

Digit Select Outputs 
Logic ‘0’ 

Logic ‘1’ 

Clamp and Reset Outputs 
Logic ‘0’ 

Logic ‘1’ 

Supply Current 


(See Note 1) 
At logic ‘0’ and ‘1’ levels (Note 2) 


Vin = —-10V at 25°C 


Vout = —0.3V (Note 3) 
Vour = Vai +1V (Note 4) 


Vout = —1V (Note 5) 
Vout = Var +0.3V (Note 6) 


Vout = —0.2V (Note 3) 

Vout = Vai + 1V (Note 7) 

Voc =—15V excluding output 
current 


**Typical values are at +25°C and nominal voltages. 


NOTE: 

1. This gives a reading rate of typically 12 per second. 

On the 2999 range, the maximum Multiplex clock frequency must be less than the Counter clock frequency divided by 64. 
On the 1999 range, the maximum Multiplex clock frequency must be less than the Counter clock frequency divided by 42. 
On the 999 range the maximum Multiplex clock frequency must be less than the Counter clock frequency divided by 21. 
2. In 7 segment mode, outputs are energised when Multiplex input is at Logic ‘1’. 

The display brilliance is therefore controlled by the input Mark-Space ratio. 

3. Output device connected to Vss. 

4. Output device connected to Vai segment energised. 

5. Output device connected to Vss digit selected. 

6. Output device connected to Vai. 

7. Output device connected to Vc: Reset condition. 

8. Vai is only applied to the output drivers, thus its absolute value is not critical. 
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MULTIPLEX INPUT 
Vss (+7.5V ) 


a BCY70 


4K7 
f 270 


TO LED SEGMENTS 


TO LED DIGITS 
Vin COMPARATOR 


BC108 


LOW(+) 
- Va (OV ) 


V, COMPARATOR 


7h ba 


Veg (-7.5V ) 


CLOCK INPUT 


AY-5-3500 D.V.M. -FSD 999 COMMON CATHODE LED DISPLAY 
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GENERAL 


El AY-5-3507 AY-5-3510 


31 Digit DVM Circuit 


PIN CONFIGURATION 
FEATURES 18 LEAD DUAL IN LINE 
AY-5-3507 


m 3/ Decade Display (+1999 max. reading) Top View 


# Automatic Polarity Detection Piseaiient 
w Overrange Indication 


G Segment 
AY-5-3507 E Segment 
® Direct LED 7-Segment Drive Signal Switch 
@ Up to 10 readings per second Comparator Input [j Clock 
AY-3-3510 newivs Ref. a Vop (-15V) 
# BCD Outputs Positive Ref. Switch ? D Segment 
= Up to 50 readings per second A Segment [) C Segment 
= Chopper Output provided for oscillator synchronization or B Segment Voc (GND) 


underrange indication 


DESCRIPTION 16 LEAD DUAL IN LINE 

The AY-5-3507 and the AY-5-3510 are MOS LSI circuits AY-5-3510 

containing all the logic necessary for a 3% Decade Digital Top View 

Voltmeter utilizing Dual Ramp integration. Automatic polarity 

detection is incorporated as is automatic overrange indication. Vss (GND) Output B 

For the AY-5-3507, the outputs are multiplexed onto a 7-segment Output C . [J Output A 

bus allowing easy interface to LE and similar displays. For the Output D | Positive Ref. Switch 
AY-5-3510 the outputs are multiplexed onto a BCD bus allowing Chopper Output Negative Ref. Switch 


easy interface to a wide variety of displays. 
Vop (-20V) Comparator Input 


Clock Input Signal Switch 
MX1 MX4 
MX2 MX3 


See next page for details of Pin Functions 


BLOCK DIAGRAM 


| A 

ar all [ = 
CONTROL STORE DECODE 
LOGIC MULTIPLEX 

MULTIPLEX 


10s. 08 SAME AS AY-5-3507 EXCEPT AS MARKED ABOVE. 
REF REF 


1 
Le 
a 


AY-5-3507 AY-5-3510 
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PIN FUNCTIONS 


COMPARATOR INPUT 


CLOCK INPUT 


REFERENCE SWITCH 
OUTPUTS 


AY-5-3507 # AY-5-3510 [=} 


A logic ‘0’ level corresponds to a negative input signal. 

A logic ‘1’ level corresponds to a positive input signal. 

This signal should be supplied from an external oscillator giving a square wave 
signal. 

These outputs drive analog switches which connect the Reference Voltages to the 
Integrator. A logic ‘0’ at the Comparator Input will be followed by a logic ‘1’ at the 


Positive Reference Switch Output. A logic ‘1’ at the Comparator Input will be 
followed by a logic ‘1’ at the Negative Reference Switch Output. 

This output will be at logic ‘1’ during the time that the signal is connected to the 
integrator. 


SIGNAL SWITCH 
OUTPUT 

DISPLAY MULTIPLES 
OUTPUTS 


Each output will be at logic ‘1’ for 2 clock periods to display (see Fig. 4). The outputs 
selected will be as follows:— 
MX1 O/1,+, Over-range MX3 Decade 2 (10’) 


MX2 Decade 3 (10’) MX4 Decade 1 (0°) 
AY-5-3507 
SEGMENT OUTPUTS The outputs of the 3 decade counters are presented sequentially on the outputs A, B, 
C, D, E, F, G. In the first multiplex position 1 is indicated by segments B and C,—is 
indicated by segment G, overrange by the flashing of segments A and D. 0, + and 
underrange are not indicated. 


AY-5-3510 
CHOPPER OUTPUT This output is a square wave at 1/100 the clock input frequency. It can be used either 
to phase lock the clock oscillator to the mains or to provide a 5% FSD under-range 
AY-5-3510 signal. 
DISPLAY OUTPUTS The outputs of the 3 decade counters are presented on the outputs A, B C, D inBCD 
complement code. A=2°, B=2', C=2?, D=2’. At MX1 time, the most significant digit is 
output on A with its complement on D, sign is output on B and over-range onC. 


OPERATION 


The operation of the circuit is as follows. 


Initially the signal, and reference outputs are in the logic ‘0’ state. 
The counter counts continuously and at the 1999 to 0000 transi- 
tion a +2 is toggled driving the signal switch output to logic ‘1’ 
turning on the signal switch. The integrator generates a ramp, the 
amplitude and polarity of which depend on the amplitude and 
polarity of the input signal. After a further 2000 clock pulses the 
+2 is toggled again. This stores the state of the comparator 
output in a D type flip flop (this signal represents the sign of the 
input signal). The appropriate reference switch is then energized 
to cause the integrator output to ramp back to zero. When the 
comparator output subsequently changes state the reference is 


switched off and the number in the counter is transferred to the 
store together with polarity information. 

Should the input signal be so large that zero is not reached during 
One counter cycle, an overange flip flop will be set and will remain 
set until the next 1999 to 0000 transition of the counter. During 
overrange the main display will be set to 0000 and the overrange 
indicator will flash. 

To minimize pin requirements, a time shared output is used. The 
display store output (including +, 0/1 and overrange) is gated 
sequentially, a decade at a time, onto a common 7 line 
(AY-5-3507) or 4 line (AY-5-3510) output bus. 


3% DECADE DIGITAL VOLTMETER 


DISPLAY 


DIGIT 
DRIVERS 


COMPARATOR 


10kHZ OSC 


AY-5-—3507 
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[a] AY-5-3507 = AY-5-3510 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


Maximum voltage between any pinandVsspin . . . . +0.3to—20V 


Operating temperature range ............ 0°C to +70°C 
Storage temperature range. ........... —55°C to +150°C 


Standard Conditions (uniess otherwise noted) 


AY-5-3507 AY-5-3510 
Vec GND - 
Vss - GND 
Vpp —12 to —-18V —18 to -20V 
Operating Temperature (Ta) = 0°C to +70°C 0°C to +70°C 


Characteristic 


AY-5-3507 


DC CHARACTERISTICS 


Clock & Comparator Inputs 
Logic ‘0’ Level 
Logic ‘1’ Level 
Input Leakage 


Display Multiplex Outputs (Note 1) 
Logic ‘1’ on resistance 
Logic ‘0’ leakage current 


Switch Outputs (Note 1) 


Logic ‘1’ on resistance 
Logic ‘0’ leakage current 


Segment Outputs (Note 1) 
Logic ‘1’ sink current Vpp = —12V 


Vpp = —15V 
Vpp = —18V 
Logic ‘0’ leakage current 
Supply Current 
AC CHARACTERISTICS 


Clock & Comparator Inputs 
input Capacitance 
Clock Frequency 


Display Multiplex Outputs 
Propagation delay 


Segment Outputs 
Propagation delay 


AY-5-3510 
Clock & Comparator Inputs 
Logic ‘0’ Level 
Logic‘1’ Level 
input Capacitance 
Input Leakage 
Clock Frequency 


Display Multiplex Outputs (Note 1) 
Logic‘1’ sink current 

Logic ‘0’ leakage current 

Display & Switch Outputs (Note 1) 
Logic‘1’ sink current | 
Logic ‘0’ leakage current 

Supply Current 


** Typical values are at +25°C and nominal voltages. 
NOTE: 


*Exceeding these ratings could cause 
permanent damage. Functional operaton of 
these devices at these conditions is not 
implied—operating ranges are specified 
below. 


Conditions 
Vin =—1 5V, 
Ta=+25°C 
Vout =—2V 
Vout = —15V 
Ta — +25° C 
Vout _ —2V 
Vout = —15V 
Ta = +25°C 
Vout = —2V 
Vout =-2V 
Vout =—2V 
Vout =—4 5V, 
Ta = +25°C 
Vop =—12V 
Vpp = —18V 
Vin =0V 
Vpp=—18V 
Vpp =—12V 
from Clock 
positive edge 


from Multiplex 
output positive edge 


Vin =OV 
Vin=—20V 
Vout=—6V 
Vout =—20V 
Vour=—4V 
Vour=—20V 
Vpp=—20V 


1. All outputs are single-ended (“open-drain”). External pull-down resistors are required. 
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AY-5-3507 = AY-5-3510 [=] 


TIMING DIAGRAMS 


{ 
SIGNAL SIGNAL 2 CLOCK 
SWITCH é CONNECTED PERIODS 
{ 
V REF 0 
SWITCH 
[REFERENCE ' 
5 CONNECTED 0 
INTEGRATOR 
-V 
| fe) 
comparator ' { 
OUTPUT 5 
2000 CLOCK 
CYCLES 
Fig.1 Fig.2 MULTIPLEX WAVEFORMS 
TRUTH TABLES 
AY-5-3507 AY-5-3510 
7 SEGMENT OUTPUT TRUTH TABLE (MX2-MX4) BCD OUTPUT TRUTH TABLE (MX2-MX4) 
Segment Output 
A B C OD €E F G A B Cc 9) Digit Output 
0 1 1 1 1 1 1 oO A 1 1 1 1 0 
1 o 1 1 0 0 0 0 ) 1 1 1 1 
2 1 1 o 1 1 oO 1 F B 1 0 1 1 2 
3 1 14 1 1 0 o 1 G 0 0 1 1 3 
4 0 1 1 0 o 1 1 1 1 0 1 4 
5 1 oO 1 1 o 1 14 0 1 0 1 5 
6 1 0 14 4 +4 4 4 € Cc 1 0 0 1 6 
7 1 1 1 0 oo 0 0 < 0 0 ) 1 7 
8 1 1 1 1 “te 4 D 1 1 1 0 8 
9 1 1 1 1 o 1 14 0 1 1 0 9 
MX1 OUTPUT TRUTH TABLE MX1 OUTPUT TRUTH TABLE 
Segment Output 
A B Cc D E F G A B Cc D 0/1 Polarity Over-range 
0 0 0 060 0 0 0 1 X x 0 0 
o 1 1 0 0 oO oO 0 x Xx 1 1 
0 0 0 0 0 0 90 x 1 X x + 
0 0 0 60 0 oO 1 x 0 x X - 
0 0 0 0 0 0 90 x X 1 x 
1 oO O 1 0 O 0 _ Flashed X x 0 X OR 


+10V 
+Vss5 O 


O OUTPUT 


COMP 
OUTPUT 


INTEGRATOR COMPARATOR 
Fig.1 BASIC ANALOG CIRCUIT-AY-5-3507 


-10V 


NPN 2N3904 
PNP 2N3906 


Fig.4 CLOCK OSCILLATOR-AY-5-3510 


Fig.3 DISPLAY INTERFACE For AY-5-3510 
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AY-5-4007 
AY-5-4007A 


ial 
INSTRUMENT : 


Four Digit Counter / Display Drivers 


AY-5-4007D_ 


FEATURES 


a Minimum interface required to drive most common types of 
LED, fluorescent, seven segment displays. 

a Large output current capability on seven segment outputs, 
typically 25mA with 1V drop. 

= Fully synchronous up/down counting operation. 

m Look ahead carry for error free outputs when reversing 
count direction. 

w Internal oscillator needing no external components for 
operating the digit select counter. 

« Four digit select outputs with inversion control-for display 
driving flexibility. 

@ Multiplexed BCD outputs and serial output from storage 
register is available. 

# TTL/DTL compatible on inputs and outputs. 

@ Blanking action of Reset Input. 

# Counting rate up to 600 KHz. 


DESCRIPTION 


The Four Digit Counter Display Driver is an LSI subsystem 
designed for application in counting display systems such as 
frequency counters, digital voltmeters, digital timers, event 
counters using 7 segment numeric displays. It contains a 4 
decade up/down synchronous BCD counter, a storage register, 
multiplexing circuits, internal osciallator for digit selection and 7 
segment decoder to count and display up to 9999. 


Built-in control circuits provide flexibility of use with a minimum 
of external components. 


The device is constructed on a single monolithic chip using 


BLOCK DIAGRAM 


ne EET 
; 10° 105 
AY-5-4007A shown: (LSD) (Msp) 


@ indicates functions 
available with the AY-5-4007D. 


TRUE /COMP , 
CONTROL 


----- aeemee 


7 SEGMENT COMMON 
DECODER ORIVER | SOURCE 


PIN CONFIGURATION 


40 LEAD DUAL IN LINE 
AY-5-4007A 


Top View 


True/Compiement Control 
Count Input Reset Input 
Down/Up Command 4th Decade Carry Output 
Transfer input N.C. 
N.C. 
3rd Decade Carry Output 
2nd Decade Carry Output 
Serial Output 
N.C. 10° Digit Select Output 
Veg (-12V) Digit Select Clock Input 
N.C. 10' Digit Select Output 
B Segment 10° Digit Select Output 
C Segment 10° Digit Select Output 
D Segment 2°BCD Output. 
G Segment 2? BCD Output 
E Segment Shift Clock Input 
N.C. 2'BCD Output 
N.C. 2°BCD Output 
A Segment Vai (GND) 
F Segment Common Source 


Voc (+5V) 


MTNS P-channel enhancement mode transistors. 


AY-5-4007, available in 40 Lead Dual In Line package, allows 
for all available functions. 

The AY-5-4007 and AY-5-4007D incorporate the most commonly 
used features in 24 Lead Dual In Line packages. 


raat 
ourpu Fisle 


Ej_ic 


ASCO EFG D 


SEGMENT 
= ae | IOENTIFICATION 


BCD OUTPUTS 
02> (mss) 
q s 
4 ij 
an 5 2° (ise) 


MULTIPLEXER 


DIGIT SELECT |, 
CLOCK INPUT 


COUNT. 
SS == 
SurPuT | STORAGE REGISTER | 
7a an ee, 
INPUT 
COUNT INPUT 
RESET INPUT 


DOWN / UP 
COMMAND 


te cf eee ce eee ee eee ee 


Ves Yeo Vor ore 
CARRY OUTPUTS 
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AY-5-4007 @ AY-5-4007A = AY-5-4007D 


PIN CONFIGURATIONS 


24 LEAD DUAL IN LINE 
AY-5-4007 


24 LEAD DUAL IN LINE 
AY-5-4007D 


Top View Top View 


Veco (+5V) 
Count Input 
Down/Up Command 
Transfer Input 
Veg (-12V) 
B Segment 

C Segment 

D Segment 

G Segment 

E Segment 

A Segment 

F Segment 


Vic (+5V) 
Count Input 
Down/Up Command 
Transfer Input 
Vg (-12V) 
B Segment 

C Segment 

D Segment 

G Segment 

E Segment 

A Segment 

F Segment 


Reset Input 

4th Decade Carry Output 
3rd Decade Carry Output 
2nd Decade Carry Output 
Serial Output 

10° Digit Select Output 
10' Digit Select Output 
10? Digit Select Output 
10° Digit Select Output 
Shift Clock Input 

Vai (GND) 

Common Source 


True/Compiement Control 
Reset Input 

4th Decade Carry Output 
10° Digit Select Output 
10' Digit Select Output 
10? Digit Select Output 
10° Digit Select Output 
2° BCD Output 

2?BCD Output 

2'BCD Output 

2°BCD Output 

Vei (GND) 


PIN FUNCTIONS 


COUNT INPUT 


RESET INPUT 


DOWN/UP COMMAND 


2ND DECADE CARRY OUTPUT 
3RD DECADE CARRY OUTPUT 
4TH DECADE CARRY OUTPUT 


TRANSFER INPUT 
SHIFT CLOCK INPUT 


SERIAL OUTPUT 


10° DIGIT SELECT OUTPUT (LSD) 
101 DIGIT SELECT OUTPUT 
102 DIGIT SELECT OUTPUT 
10° DIGIT SELECT OUTPUT (MSD) 


2° BCD OUTPUT(LSB) 
21 BCD OUTPUT 
22 BCD OUTPUT 
2° BCD OUTPUT(MSB) 


“A” TO “G” SEGMENT © 


COMMON SOURCE 


TRUE/COMPLEMENT CONTROL 


DIGIT SELECT CLOCK INPUT 


NOTE: For AY-5-4007D, True/Complement control 
is internally connected to logic “0” level. 


Count Input operates the decade counters synchronously on the positive going edges 
(logic ‘0’ to ‘1’ transitions). 

When this input goes to a logic ‘1' it resets the decade counters to 0000, forces the digit 
select counter to the MSD position and the Digit Select Outputs to ‘not active’ logic 
levels to blank the display. It must be present for a minimum of 10 uSec. 


The count direction depends upon the logic level on the DOWN/UP Command input. 
Logic ‘0’ = Count UP. Logic '1‘ = Count DOWN. 


Normally the Carry Outputs are at a logic ‘0’ level; when activated a positive pulse is 
generated on the output line, which is identical with the Count Input causing the carry. 


Placing the Transfer Input at a logic ‘1’ allows transfer of data from the decade counters 
to the storage register. 


This input is used to apply clock pulses to the storage register for serial shift operation. 
Normally Shift Clock is maintained at a Logic '1' and negative pulses are necessary to 
perform shift operation. Actual shifting of storage register data is done on the second 
edge (positive going) of each clock pulse. A Pull-up resistor is internally provided for the 
Shift Clock Input so that this line, if not used, may be left floating. Since the storage 
register is quasi-static in serial shift operation the width of negative pulses (at logic ‘0’) 
has to be limited to 20uSec. During serial shift operation the Transfer Input must be ata 
logic ‘0’. 

This is the serial output of the storage register. When serial shift operation is not 
performed the Serial Output is the least significant bit of the least significant digit of the 
storage register. 


These outputs provide sequentially an active logic level (logic ‘1’ if the 
True/Complement Control is at a logic '1'; logic '0’ if the True/Comlement Control is ata 
logic ‘0’'), to specify which of the corresponding digits is selected and displayed, the 
remaining 3 Outputs being ‘not active’. All the Digit Select Outputs are forced toa ‘not 
active’ logic level as long as the Reset Input is active. 


These outputs provide the Binary Coded Decimal representation of the digit being 
selected and displayed by the multiplexer. The truth table shows BCD Codification of 
these outputs. 


These outputs are programmed according to the truth table. Each output terminal is 
actually connected to the drain of the corresponding output transistor. 

This is the common of the seven segment output transistors. When not externally 
available the corresponding terminal is internally tied to Va! (OV) line. It may be 
connected to any voitage between Vss and VoD according to requirements. 


This input controls the polarity of the Digit Select Outputs active logic level. When the 
TRUE/COMPLEMENT Control is at a logic ‘1’, active level for the Digit Select Outputs is 
a logic '1', when at a logic ‘0’ active level is a logic '0’. 

An external signal applied io this terminal overrides the internal ocillator. When the 
internal oscillator is used, this terminal must be left floating. 
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[a] AY-5-4007 = AY-5-4007A = AY-5-4007D 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


Voltage on any pin with respect toVcc. ........ —20 to +0.3V “Exceeding these ratings could cause 
Storage temperature range. ........... 65°C to +150°C permanent damage. Functional operation of — 
Ambient operating temperature range ........ 0°C to +70°C thse devices at these conditions is not 


implied—operating ranges are specified 


Standard Conditions (unless otherwise noted) _ below 


Vec=+5.0+0.5V Vag = -12V +1V OR —7.0V +0.5V 
Var = OV Operating Temperature (T,) 0°C to +70°C 


Voc = —-12V +1V Voc = —7V +0.5V 


Inputs 

Logic ‘0’ See Fig. 4. 

Logic ‘1’ 

Capacitance Vin=Vecc f= 1MHz 
Leakage Vin—Vcc=—10V at 25°C 
Repetition Rate Square Wave 

Pulse Width Pulse either high or low 
Tr&Tf 


True/Complement/ 
Control Input 
Input Current Vin = Vec 

Vin=Voai See Fig. 5 
Digit Select Clock 
Input Current Vin = Vec (Sink) 

Vin = Var (Source) See Fig. 3. 
Internal Freq. 


External Freq.— Data only 


Display Display Duty Cycle 25% 
Shift Clock 
Frequency 
Pulse Width See functional description 
Input Current Vin = Var (See Fig. 6) 
Outputs—7 Segment 
(See Note 2) 


Vout—Vcc = —10V at 25°C 
Ves—Vour = +1.0V at 25°C, 
Ves = Vee 

Ves—Vourtr =-—1.0V at 25°C, 
Ves = Vai 


Leakage Current 
Device on Current 


Device on Current 


Power Dissipation 


(per segment at 25°C) See Note 1 & Fig.1 
Other Outputs 
Logic ‘0’ 0.2 : : lo. = 1.6mA with 10pF load 
Logic ‘1’ Vcc —1.0|Vcc —0.6 lor = 50yuA 
Propagation Delay ; : Carry Output 
: Serial Output See Fig.2 
Tr, Tf 
Rise, Fall Times 
Power 
eres (Vcc to Vac) 
**Typical values are at +25°C and nominal voltages. NOTES: 


1. Derate Power Linearly to 100mW at 70°C. 
2. See also Typical 7-Segment Output Curves, Figs.9, 11, & 13 (—12V +1V) 
See also Typical 7-Segment Output Curves, Figs.10, 12, & 14 (—7V +0.5V) 


TIMING DIAGRAMS 
10> DIGIT 
SELECT OUTPUT ae ies (en (ee eS L 


10' pIGIT ee ee Wee a Nh a ie 
DOWN/ uP 
COMMAND ee ae eee, a 10° oiGIT | | | | 


COUNT 
INPUT 


CARRY 
OUTPUTS 


DIGIT 


DIGIT SELECT OPERATION 
CARRY OPERATION (True/Compiement Control is at logic ‘1’ level) 
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OPERATION 


Decade Counters 

The four decade counters are synchronously operated on the 
positive going edges of the Count Input; a single DOWN/UP 
Command controls the direction of counting. The edge-trig- 
gered structure of the master-slave flip-flops allows the count 
direction to be changed between count pulses at either Count 
Input level. A Reset Input resets decade counters to 0000. 


Carry outputs are provided at the 2nd, 3rd and 4th decade; these 
outputs are activated when an overflow (in counting up) or an 
underflow (in counting down) condition exists in the corre- 
sponding decade counter. The carry output pulse is the same as 
the Count Input pulse causing the carry. 


The look ahead design of the carry stages gives error free outputs 
when reversing the count direction. 


Storage Register 

Data in the decade counters is transferred to the storage register 
under control of the Transfer input signal. The Transfer Input 
may be connected to a logic ‘1’ for a continuous transfer and 
display operation. 

The Storage register may also be operated as a parallel-in serial- 
out shift register. In this case clock pulses are to be provided to 
Shift Clock Input, the serial content of storage register is availa- 
ble on the Serial Output line, and recirculated back to the first 
stage input. A train of 16 clock pulses is needed to extract the full 
content of the register, least significant bit of least significant 
digit first. When operating the storage register serially, Transfer 
input is to be kept at a logic ‘0’. 


Digit Select Counter and Multiplexer 
The digit select counter is driven by a built in oscillator which 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


LEGEND: 

* output transistor ON 
— output transistor OFF 
0 logic ‘0’ 

1 logic ‘1’ 


AY-5-4007 #® AY-5-4007A ® AY-5-4007D [=} 


requires no external components. The internal oscillator can be 
overridden by applying an external signal to the Digit Select 
Clock Input. 


The digit select counter controls the multiplexer to route infor- 
mation from storage register to the 7 segment decoder drivers 
and to the BCD Outputs. 


The counter scans from MSD (10° digit) to LSD (10° digit). Each of 
the four Digit Select Outputs is sequentially activated when the 
corresponding digit is selected and displayed. 


The Digit Select counter is forced to MSD position and Digit 
Select Outputs are forced to ‘not active’ logic levels as long as 
Reset Input is active. This feature blanks the display when the 
device is being reset. The True/Complement Control inverts the 
Digit Select Outputs active logic level for flexibility of output 
interface circuitry. 


Internal delay logic ensures that both 7 segment outputs and 
BCD outputs are valid before activation of the corresponding 
Digit Select Output to avoid “ghost images”. 


7 Segment Decoder Driver 

The 7 segment decoder drivers consist of very low impedance 
output transistors (typically 40 ohms) to minimize external inter- 
face components when driving 7 segment displays such as LEDs, 
fluorescents, incandescents, etc. 


The 7 Segment Outputs are the drains of the corresponding 
output transistors, these outputs are programmed according to 
the truth table below. A Common Source terminal is also 
available to increase flexibility of use. 


ooo ho wokoRo—= 
COn424-40000 
CO]=30043-00 
=~O-0-0-3=030 


SEGMENT 
IDENTIFICATION 


7 SEGMENT AND BCD OUTPUTS TRUTH TABLE 
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[a] AY-5-4007 m AY-5-4007A @ AY-5-4007D 


COMMON 
SOURCE 


OUTPUT (TYP) 


Voc 


Fig.1 7-SEGMENT OUTPUTS Fig.2 ALL OTHER OUTPUTS 


‘ Vee 
GG Veg Ve6 
Veg — 
1/P (EXT) 
OSC.(INT) 
Vec. Vec Vec 


Fig.3 DIGIT SELECT Fig.4 TYPICAL INPUT Fig.S TRUE/COMPLEMENT Fig.6 SHIFT CLOCK 
CLOCK INPUT INPUT INPUT 


CIRCUIT DIAGRAMS 


OV 


.AY-5-4007D AY-5-4007D 


11 


6 7 8 10 12 ) 
G : 
“Choose resistors 
to give required *Choose resistors 


segment current. to give required 
4 DIGIT DISPLAY 4 DIGIT DISPLAY segmnert current, 


Fig.7 COMMON CATHODE LED DISPLAY Fig.8 COMMON ANODE LED DISPLAY 
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TYPICAL CHARACTERISTIC CURVES 


vw iNadyno 


AY-5-4007 m AY-5-4007A mm AY-5-4007D 


TYPICAL CURVES OF SEGMENT CURRENT VS. TEMPERATURE AT 1V ACROSS OUTPUT DEVICE 


o 20 
$ Vee #V 
2 cs cc 
m 
2 
+ 
3 Vee FV 
> cs Gl 
10 
0 
0 25 50 75 
TEMP °C 
Fig.9 
Voc =—7V; Ves = Vcc 
50 
40 
30 
! 
Ss 20 
mA 
10 
J t 
0.5 1.0 1.5 2.0 
Vs volts 
Fig.11 
Is 
mA 


Vg volts 


Fig.13 


SEGMENT OUTPUT CURRENT 


mA 


Veo? ='2¥: Ves" Vice 


0.5 1.0 1.5 2.0 
SEGMENT VOLTAGE 
Vs volts 


Fig.12 


Veg" 77¥: Yes * Vel 
50 = 


40 ~ 


20 ™ 


0 I 1 1 i 
0:5 1.0 1.5 2.0 


Vs volts 
Fig.14 


TYPICAL SEGMENT OUTPUT CURRENT Vs OUTPUT VOLTAGE AT +25°C 
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| AY-5-4057 


Four Digit Counter 


FEATURES 
PIN CONFIGURATION 
w Fully static operation. 


a Maximum clock input 500kHz. 16 LEAD DUAL IN LINE 
w Reset input. 
@ Multiplexed outputs. 

@ Final Carry output and two intermediate carry outputs. 
# TTL/DTL compatible inputs and outputs. 


The count held in the four stores is strobed out in sequence by a Output 4 
signal derived from the ‘Strobe Input’. The multiplexed BCD 
outputs are output in sequence and are capable of driving a 
decoder/driver. The ‘Strobe Input’ operates on a positive transi- 
tion (0 to 1), and the multiplex outputs, P and Q are in a 2-bit 
binary sequence. 


In addition to the count outputs, the device has a ‘Final Carry 
Out-put’ (CO 4) and two intermediate carry outputs, CO2 and 
CO3, from the second and third decades respectively. 


A reset line is provided to reset all four decades to the zero state. 


10 {|} Carry Output Decade 2 
9 [J Output 1 


DESCRIPTION sks 
- Voc (+5V) Cot 16 [-) Multiplex Q 
The AY-5-4057 is a fully static four digit counter capable of Reset ("1 2 15 (J Multiplex P 
accepting a count frequency of up to 500kHz. The four counters 
are connected in series, each having a4-bit store associated with Vac (12V) Cf 3 14 1J Strobe 
it. The counters change on the negative going clock transition, Final Carry (Decade 4) ({ 4 13 [] Load Input 
and the counter outputs are transferred to the 4-bit stores when Carry Output Decade 3 [] 5 12 [7] Count Input ~ 
the load control is taken to Logic ‘0’. Output 8 [] 6 1117) Vg; (GND) 
7 
8 


Output 2 


BLOCK DIAGRAM 


[ieesereerae auewereiraae emcee ae 


DECADE DECADE DECADE DECADE 
1 2 3 4 
TT] LEE wore 
INT CA 
2 a ee ee INT CARRY 2 
| it t [ ft i 


STORE STORE STORE STORE 


MULTIPLEXER 
P Q | A B Cc D 


MULTIPLEX SEGMENT 
OUTPUTS OUTPUTS 
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PIN FUNCTIONS 


Name Functions 
COUNT INPUT A negative going (1 to0) signal on this input causes the counter to be incremented by 
one. 
LOAD INPUT A logic ‘0’ level on this input causes the contents of the four counters to be 


transferred to the store. To store any one count, the load input must go to logic ‘0’ a 
minimum of 800 nSec after the count pulse that sets up the count to be stored. (ts1 on 
timing diagram) and stay at logic ‘0’ fora minimum of 1uSec. 

RESET A logic ‘1’ level applied to this input will reset all four counters to the all ‘0’s state. 
(Store is not reset). A delay of 250 nSec must be allowed (ts2 of timing/diagram) after 
the reset goes to logic ‘0’ before a count is started. 


STROBE A positive going (‘0’ to ‘1’) signal on this input clocks the multiplex counter thereby 
causing the count to be output in the correct sequence. 
P &Q OUTPUTS The two Multiplex outputs P and Q, identify which decade is being output. 
P Q 
1 0 Strobes decade 1 
0 1 Strobes decade 2 
1 1 Strobes decade 3 
0 0 Strobes decade 4 
*INTERMEDIATE This output is generated by the second decade of the counter. 
CARRY (CO2) 
*INTERMEDIATE This output is generated by the third decade of the counter. 
CARRY (CO3) 
“FINAL CARRY This output is generated by the fourth decade of the counter. 


“All carry outputs go to logic ‘1’ on count 8 and return to logic ‘0’ on count 10. 


COUNTER-DISPLAY INTERFACE 


BCD TO7 SEGMENT 
DECODER/DRIVER 


SEE BELOW 


CARRY 


2N 3569 
OUTPUTS OR EQUIVALENT 


STROBE 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings“ 


Max. voltage between Vcc andanypin. ...... —20V to 0.3V 
Operating Temperature Range. ......... 0°C to +70°C 
Storage Temperature Range. ........ —65°C to +150°C 


Voc =—1 2vV +1V 
Vcc = +5.0 +0.5V 
Vor = OV 


Characteristic 


Count Input 
Repetition Rate 
Rise/Fall Times 
Logic ‘0’ 

Logic‘t’ 

Input Capacitance 
Load Input 

Pulse Width tsw 
Set-up Time ts1 
Logic ‘0’ 

Logic‘1’ 

Input Capacitance 
Strobe Input 
Repetition Rate 
Pulse Width 
Rise/Fall Times 
Logic ‘0’ 

Logic ‘1’ 

Input Capacitance 
Reset Input 

Pulse width trw 
Set-up-Time ts2 
Logic ‘0’ 

Logic ‘1’ 

Input Capacitance 
Outputs 

Logic ‘0’ 

Logic ‘1’ 


Propagation delay tpd 


Input Leakage 
Power 


Standard Conditions (unless otherwise noted) 
Operating Temperature (Ta) = 0°C to +70°C 
Output Loading + 1 TTL Load 

CL TOTAL = 10 PF 


TIMING DIAGRAM 
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LOGIC 1 
RESET 
LOGIC O 


bag ts2 


LOGIC 1 
OUTPUTS 
| LOGIC O 


Ee tpd 


“Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


Conditions 


Vin=Vcc 


Vin= Vcc 


Vin=Vcce 


lo. =1.6mMA 
lon = 100uA 


Vin = Vec—10V. at 25°C 


LOGIC 1 


LOGIC O 


~— LOGIC 1 


LOGIC O 


AY-5-5053 


IWSTRUMENT 


10 Bit D/A Convertor 


FEATURES 
PIN CONFIGURATION 


# 10 Bit resolution. 24 LEAD DUAL IN LINE 
8 8 Bit accuracy (linearity). 


@ Parallel or serial input. 
= Simple external circuitry. 


: ; . Top View 
® Binary or 2’s complement coding. 
= Output inversion. pies Racal 2" mosis) 
ws TTL/CMOS compatible inputs. Sue memctinbY WIVeRE TBE , 
; 2° Input Bit 1 Ostillator frequency control. 
a Monotonic output. 6 
6.8mS tli ‘ for 10 bi ith 2 fil 2° Input Bit 2 Temperature compensation. 
a 6.8mS set ing time or 10 its wit nd order i ter. 27 Input Bit 3 Negative ralerarice. 
a 1.23mS settling time for 8 bits with 2nd order filter. 2° Input Bit 4 Positive reference: 
25 input Bit 5 Analog output to filter. 
2* input Bit 6 Oscillator output. 
23 Input Bit 7 Serial input. 
DESCRIPTION 2? Input Bit 8 Strobe input. 
: ‘ . ; 2" Input Bit 9 Parallel load input. 
The AY-5-5053 is a10 bit D/A convertor employing the stochastic 2° Input Bit 10 Shift input. 


conversion technique, requiring no precision components other 
than a voltage reference. 

The input can be either serial or parallel! with Binary or 2’s See next page for details of Pin Functions. 
complement coding. 


BLOCK DIAGRAM 


OSCILLATOR 
OUTPUT 


OSCILLATOR 
COUNTER FREQUENCY 


CONTROL 
hl SREREREEE 


+REF 


OUTPUT COMPARATOR CODE SELECT 
—REF 


TEMP STAB SREREREEE 


SHIFT 


INPUT REGISTER/LATCH eee INPUT 


PARALLEL LOAD 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings’ 


Voltage on any pin with respect to Vcc pin . . -20 to+ 0.3 Volts 
Ambient operating temperature range. ..... 0°C to +70°C 
Storage temperature range ......... —65°C to +150°C 


Standard Conditions (unless otherwise noted) 


Vec = +5V + 0.5V 

Vac = —12V +.0.5V 
Positive reference = +4.5V 
Negative reference = OV 


Clock Frequency = 800KHz 

Rr (temp comp) = 12K 0. 5% 

R. (linearity) = 270 2 nom 

Ro (osc. frequency) = 10K 2 nom 


Characteristic 


Clock Frequency 
Voltage Stability 
Temp. Stability 


“Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


KHz 
%/V 
%/°C 


| 100 


Output Logic ‘0’ Volt Ri =6.8K.to Vac 
| sink = 1.6mA 
Output Logic ‘1’ Volt Ri =6.8K to Vac 
1 source = 100unA 
inputs 
Logic ‘0’ Level Volts 
Logic ‘1’ Level Volts 
Leakage Current pA Vin = Vcc —5V 
Capacitance pF 
Shift Clock Frequency KHz 
Resolution Bits 
Differential Linearity LSB 
Linearity LSB After trimming at 0.5 
FSD 
Temperature Co-efficient PPM/C° Excluding reference and 
filter drift 
Supply current (140mW) 


Reference Current 


**Typical values are at +25°C and nominal voltages. 


TABLE 1 


INPUT CODING 


2’s COMPLEMENT 


BINARY 


0000000000 
0000000001 
0111111111 
1000000000 
1000000001 
14111141111 


1000000000 
1000000001 
1191111111 
0000000000 
0000000001 
0111411111 


Max at 4FSD 


ANALOG OUTPUT 


0 
+LSB 
NV ref —LSB 
/N ref 
“WV ref+LSB 
Vref—LSB 


SETTLING TIME AND — 


NO. OF BITS 


Filter Type 


a CONVERTOR 
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Filter time constant mSec 
Settling time to + ‘4 LSBmSec 


Bandwidth Hz — 0.1% 


— 0.4% 
—1% 
— 1dB 


6 
1st —_ 1st 2nd 1st 2nd 
Order Order Order Order Order |} Order 
0.2 


0.16 


0.66 
6.8 
14.8 


0.08 
1.23 0.8 0.32 


118 
112 618 
400 1784 


PIN FUNCTIONS 
Name 
1 Vec 
2 Code Select Input 
3-12 Bits 1-10 Input 
13 Shift Input 
14 Parallel Load Input 
15 Strobe Input 
16 Serial Input 
17 Oscillation Output 
18 Analog Output 
19 Positive Reference 
20 Negative Reference 
21 Temperature Compensation 
22 Oscillator Frequency Control 
23 Invert Input 
24 Vac 
OPERATION 


The binary word contained in the input register is compared with 
the output of a continuously cycling counter. The output of the 
comparator is high whenever the binary input is greater than the 
counter, this results in an output waveform which has a mean 
value equal to the desired analog output. This outputis passed 
through a low pass filter to recover the DC level. 


The counting sequence of the binary counter has been chosen to 
optimise the conversion characteristics and the frequency of the 
output noise to simplify the filtering. 


+4.5V 
REFERENCE 


AY-5-5053 [=] 


Positive power supply +5V 

Logic ‘0’ gives Binary coding. Logic ‘1’ gives 2’s complement 
coding. (See table 1). 

Parallel data inputs. Bit 1 is MSB. 

Clock input for serial mode. Data is shifted in on the ‘0’ to ‘1’ logic 
transition. In the parallel mode this input must be at logic ‘1’. 

In the parallel mode data is loaded into the data register when this 
input is at logic ‘1’. This input should be at logic ‘0’ in parallel 
mode operation. 

A logic‘1’ on this input loads serial data into the data register. The 
data is latched when the input returns to logic ‘0’. This input 
should be at logic ‘0’ in parallel mode operation. 

Serial data input Bit 1 first. 


TTL compatible oscillator output signal. 


Analog output to low pass filter. This output is a stochastic pulse 
waveform having a mean amplitude equal to the required DC 
output level. 


+4.5V nominal reference of voltage. 


OV reference, connected to OV via a 500 ohm variable resistance 
used to adjust the error at half scale to zero. 


This pin is connected to Vac via a 12K ohm 5% resistor to achieve 
the stated temperature stability. The temperature stability can be 
improved by a factor of 4 by using an 18K O resistor in parallel 
with a DPGC49—39K OQ thermistor instead of the 12K © resistor. 


This pin is connected to Vac via a 50 K O variable resistor used to 
adjust the oscillator frequency to the required value. 


A logic ‘1’ on this input inverts the output. 
Negative power supply —12V. 


MULTIPLIER OPERATION 


The AY-5-5053 may be used as a Digital—Analog multiplier by 
replacing the positive reference with the Analog multiplier. Input 
voltages in the range Oto +4.5 volts may be used. The accuracy is 
of the order of 0.1% and the settling time is as for normal 
operation. 


+4.5V REFERENCE SUPPLY 
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+5V 


+4.5V 
REFERENCE 
LOAD . 
50K BIT 10 (LSB) 
SET ZERO 
ANALOG 
OUTPUT BINARY 
0 to +10V INPUT 
BIT 1 (MSB) 
Ov 


-12V 


10 BIT D/A CONVERTOR PARALLEL INPUT SECOND ORDER FILTER 0 to +10V OUTPUT 


+5V 
+4.5V ae 
REFERENCE ig] one 


LSB 
a 
ae 

Leo |_|, BINARY 

= INPUT 
ANALOG 47K rT 
OUTPUT Lan T [| AY-5-5053 [| 
0 to +4.5V te, 
Lema = 

0.1m aes MSB 

q ae | 


500 
LINEARITY JJ re 7] 


Ov 
12K i SET FREQUENCY 
-12V 


10 BIT D/A CONVERTOR FIRST ORDER FILTER 


90% LIMIT 


0 Ys SCALE % SCALE ¥% SCALE SCALE 


D/A CONVERTOR LINEARITY 
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nvssoss [Et] 


i ie: 1MHz 


CLOCK 
as < 
+5 
+5V 
L_} 


START Ctl 7474 cu 7474 ae A a atot = 
ENABLE 


C 74191 | i o~e STROBE 


A QA 
B QB 
PARALLEL 
DATA 74150 
INPUT 
ouT__ 56 ; SERIAL 
i ie. OUTPUT 
470pF 
a 


CLOCK ~LTLUOUP UP ULL 


START Lf 
STROBE | l 
SERIAL OUTPUT ff L]}V 


SERIAL DATA TRANSMITTER FOR AY-5-5053 D/A CONVERTOR 
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GENERAL 


AY-5-5054 


INSTRUMENT 


10 Bit A/D Convertor Control 


FEATURES 


PIN CONFIGURATION 
24 LEAD DUAL IN LINE 


10 Bit Resolution 
200mMS settling time to+ '/. LSB 


a 

r 

a integral serial data transmitter 8/10 Bits with parity 
Top View 

@ Parallel outputs 

a 


; ‘ Vec (+5V) Cot Vee (-12V) 
TTL/MOS compatible inputs and outputs iip/Beweinpiit Bron 


Counter input Bit 1 (MSB) output 
Cascade Enable Input Bit 2 output 
Serial Output Bit 3 output 
DESCRIPTION Load Input Bit 4 output 
Data Available Output Bit 5 output 
Transmit Input Bit 6 output 
Pulse Chain Output Bit 7 output 
Clock Input Bit 8 output 
Even/Odd Parity Input Bit 9 output 
8/10 Bit Control Input Bit 10 (LSB) output 


The AY-5-5054 is designed to work in conjunction with the 
AY-5-5053 to form a 10 Bit A/D convertor. It consists of a 10 bit 
up/down counter, control logic and a serial data transmitter. 


OoOmWOnN DON & W NY 


BLOCK DIAGRAM 


PULSE CHAIN 


OUTPUT 
CLOCK 


P E CHAIN GENERATOR 
8/10 BITS ULSE C Oo E) LOAD 


SE eas TRANSMIT 
PARITY PARITY GENERATOR 


TT TTT TTT CASCADE 


ENABLE 
CONTROL 
TAT NSMIT 
DA RA S| TER LOGIC 


SERIAL 
OUTPUT 


LSB DATA AVAILABLE 


PARALLEL 
OUTPUT 


UP/DOWN 
COUNT 


UP/DOWN COUNTER 
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PIN FUNCTIONS 


UP/DOWN 
Counter Input 


Cascade Enable Output 


Serial Output 


Load Input 


Data Available Output 


Transmit Input 


Pulse Chain Output 


Clock Input 
Even/Odd Parity Input 
8/10 Bit Control Input 
Parallel Data Outputs 
Ground 


Voc 


AY-5-5054 [=} 


Positive Power supply (+5V) 

Controls direction of counting, at logic‘'1’ for UP. 

Clock input for UP/DOWN counter. Control logic inhibits the 
clock during UP/DOWN transition, during loading of the trans- 
mitter and when the counter has reached all ‘0’s or all ‘1’s. 

This output goes to logic ‘1’ at the end of data transmission for 
one clock cycle. It can be connected to the Transmit input of a 
second AY-5-5054, enabling a series of convertors to be interro- 
gated sequentially using only one line. 


Serial data output from transmitter, 8 or 10 bits plus parity. MSB 
first. 


A pulse to logic ‘1’ on this input loads data into the transmitter. If 
data is being transmitted the command is stored until the trans- 
mission is complete. 


This output goes to logic‘1’ when valid data has been loaded into 
the transmitter. It returns to logic ‘0’ when the transmission has 
been completed. 


A pulse to logic ‘1’ on this input causes transmission to com- 
mence. The pulse must last at least one but no more than 8 clock 
periods. 


A chain of 9 or 11 pulses is output on this line during data 
transmission. It would be used to clock data into the receiver. 


Clock for the data transmitter 1MHz max. 
Logic‘1’ gives even parity. 

Logic ‘1’ gives 8 bit data transmission. 
Connect to Parallel inputs of AY-5-5053. 


Negative power supply (—12V). 


A/D CONVERTOR RESPONSE TIME 


1. SIMPLE TYPE — 1ST ORDER FILTER 


Filter time constant 4.5mSec 1.2mSec 0.3mSec 
Clock frequency 10KHz 40KHz 160KHz 
Settling time to ‘LSB 200mSec 50mSec 12.5mSec 


2. VARIABLE CLOCK FREQUENCY TYPE 


If the counter clock frequency is arranged to be proportional to the difference 
between the input voltage and the actual convertor output, the response speed 
can be considerably improved. In this case the system becomes a linear one anda 
2nd order filter can be used without danger of oscillation. 


Filter time constant 0.66mSec 0.164mSec 
Settling time to '/.LSB 1.5mSec 3mSec 
Max. clock frequency 450KHz 1MHz 
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| AY-5-5054 
ELECTRICAL CHARACTERISTICS 


* 
Maximum Ratings “Exceeding these ratings could cause 


Voltage on any pin with respect to Vss pin. . . —20 to +0.3 Volts permanent damage. Functional operation of 
Ambient Operating Temperature range. .... . 0°C to +70°C this device at these condition is not implied— 
operating ranges are specified below. 


Standard Conditions (unless otherwise noted) 


Voc = +5 £0.5V 
Vea = -12 +0.5V 
Operating Temperature (Ta) = 0°C to +70°C 


Characteristic Conditions 
Clock and Clock Inputs 
Logic‘0’ level 

Logic ‘1’ level 
Frequency 
Capacitance 

Leakage 

Logic Inputs 

Logic ‘0’ level 

Logic ‘1’ level 
Capacitance 

Leakage 

Output 

Logic ‘0’ level 

Logic ‘1’ level 

Power 


Vin=Vcc—10V 


Vin= Vcc —10V 


loL=1.6mMA 
lon= 100uA 


TIMING DIAGRAMS 


COUNTER 
INPUT 


UP/DOWN / 


' 
1 
{ 
' 
1 
t 
‘ 


SERIAL 
OUTPUT 


a 
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SIMPLE 10 BIT A/D CONVERTOR 


INPUT 


0 to +5V SERIAL 


OUTPUT 


SET P1 FOR + 1/2 LSB OFFSET AY-5-5054 


SET P2 FOR - 1/2 LSB OFFSET 
; e 
053 


AY-5-5 
Sates BR 


+4.5V 
REF 
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GENERAL 


INSTRUMENT 


CP1600 
CP1600A 
GIMINI 
CC1600 
GP1600 
1/01600 
MC1600 
PM1600 
RM1600 
RM1601 
$1600 
SAL1600 
PIC1640 
PIC1650 
LP8000 
LP6000 
LP1030 
LP1010 
LP1000 


GENERAL 
INSTRUMENT 


16-Bit Single-Chip Microprocessor 
FEATURES 


CP1600 CP1600A 


8 program accessible 16-bit general purpose registers 
87 basic instructions 

4 addressing modes: immediate, direct, indirect, relative 
Conditional branching on status word and 16 external 
conditions 

Unlimited interrupt nesting and priority resolution 
16-bit 2’s complement arithmetic & logic 

Status word: carry, overflow, sign, zero 

Direct memory access (DMA) for high speed data transfer 
64k memory using single address 

TTL compatible/simple bus structure 

600ns cycle time 3.3 MHz 2-phase clock—CP1600 
400ns cycle time 5 MHz 2-phase clock—CP1600A 


DESCRIPTION 


The CP1600/1600A Microprocessor Units are compatible mem- 
bers of the Series 1600 MicroProcessor Products family. Each is a 
complete, 16-bit, single chip, high speed MOS-LSI Micro- 
processor. The Series 1600 family is fabricated with General 
Instrument’s N-Channel lon-Implant GIANT I! process, insuring 
high performance with proven. reliability and production history. 
All members of the Series 1600 family, including Programmable 
Interface Controllers, Read Only Memories, and Random Access 
Read/Write Memories are fully compatible with the 
CP1600/1600A. 

The CP1600/1600A Microprocessor Units are designed for high 
speed data processing and real time applications. Using a 3.3 
MHz 2-phase clock, the CP1600 completes a microcycle in 600 
nanoseconds. The CP1600A, using a 5 MHz 2-phase clock, com- 
pletes a microcycle in 400ns. Typical applications include pro- 
grammable calculator systems, peripheral controllers, process 
controllers, intelligent terminals and instruments, data acquisi- 
tion and digital communications processors, numerical control 


CP1600 SYSTEM DIAGRAM 


HI-SPEED 
READE R/PUNCH 
RS.232C 


AODORESS & 
CONTROL BUS 


16-BIT BIDIRECTIONAL BUS 
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ADDRESS 
REGISTER 


74175 


MSYNC 


PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


Top View 


Vop (+12V) 
Vg (-3V) 
Voc (+5V) 
BDRDY 


*ACTIVE 
LOW LEVEL 


systems and many general purpose mini-computer applications. 
The Microprocessor can readily support a variety of peripheral 
equipment such as TTY, CRT display, tape reader/punch, A/D & 
D/A converter, keyboard, cassette tape, floppy disk, and 
RS-232C data communication lines. 

The CP1600/1600A utilizes third generation minicomputer archi- 
tecture with eight general purpose registers to achieve a ver- 
satile, sophisticated microcomputer system. The 16-bit word 
enables fast and efficient processing of alpha-numeric or byte 
oriented data. The 16-bit address capability permits access to 
65,536 words in any combination of program memory, data 
memory, or peripheral devices. This single address space con- 
cept, combined with a powerful instruction set and micro- 
programmable Peripheral Interface devices, provides an efficient 
solution to microcomputer and many minicomputer-based pro- 
duct requirements. 


Vec 
+5V 


Vea 


oo 
4+12V -3V 


4:16 MPX 
DECODER 
16 EXTERNAL 
STATUS CONDITIONS 


BIDIRECTIONAL 
BUS DRIVERS 


<_— 


PROCESSOR SIGNALS 


DATA BUS 
DO0-D15 
Input/Output/High Impedance 


Data 0-15: 16-bit bidirectional bus used to transfer data, 
addresses, and instructions between the microprocessor, 
memory, and peripheral devices. 


PROCESSOR CONTROLS 


STPST 

Input 

SToP-STart: Edge-triggered by negative transition; used to con- 
trol the running condition of the microprocessor. 

HALT 

Output 

HALT: indicates that the microprocessor is in a stopped mode. 
MSYNC 

Input 

Master SYNC: Active low input synchronizes the microprocessor 
to the ¢1, ¢2 clocks during power-up initialization. 

EBCA 0-3 

Outputs 

External Branch Condition Addresses 0-3: Address for one-of-16 
external digital state tests via the BEXT (Branch on EXTernal) 
instruction. 

EBCI 

Input 

External Branch Condition Input: Return signal from the one- 
of-16 selection made by EBCA 0-3. 


-CP1600 INTERNAL BLOCK DIAGRAM 


PROCESSOR 


DECODE ROM 


READ PORT 


STATE 
we ett: 
ROM 
MAIN DECODE WR 
eus | BUSAK ae aa To 
CONTROL 
a jean 
BUS 
BIDIRECTIONAL 
BUFFERS 


BUS CONTROL 


CP1600 = CP1600A [=] 


BUS CONTROL SIGNALS 


BDIR, BC1, BC2 

Outputs 

Bus DiRection, Bus Controls 1, 2: Bus control signals externally 
decoded to define the state of bus operations (see State Flow 
Diagram). 

BUSRQ* 

input 

BUSAK* 

Output 

BUS ReQuest, BUS AcKnowledge: BUSRQ* requests the micro- 
processor to relinquish control of the bus indefinitely. BUSAK* 
informs devices that the bus has been released. 

BDRDY 

input 

Bus Data ReaDY: causes the microprocessor to “wait” and re- 
synchronize to slow memory and peripheral devices. 

INTR’*, INTRM* 

INTeRupt, INTeRupt Masked: request the microprocessor to 
service an interrupt upon completion of current instruction. 
TCi 

Output 

Terminate Current Interrupt: pulse outputted by the micro- 
processor in response to the TCI instruction. 

PCIT 

input/output 

Program Counter Inhibit/Trap: As an input, inhibits incrementa- 
tion of the Program Counter during the instruction fetch se- 
quence. As an output, generates a pulse during execution of a 
Software INterrupt (SIN) instruction. 


CONTROL 
INSTRUCTION ARITHMETIC 
REGISTER & LOGIC UNIT 
i 


SHIFTER 
P1512) 


E PORT 


EXTERNAL 
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[=] CP1600 = CP1600A 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 
Vpp, Vcc, GND and all other input/output voltages 


with respect toVss .......-..2..-. —0.3V to +18.0V 
Storage Temperature ............. ~55°C to +150°C 
Operating Temperature. ............ 0°C to +70°C 


Standard Conditions: (unless otherwise noted) 
Vpp=+12V+5%, 70OMA(typ) 
Vec=+5V+£5%, 12mA(typ) 


Characteristic 


DC CHARACTERISTICS 


Clock Inputs 

High 

Low 

Logic Inputs 

Low 

High (All Lines except BDRDY) 

High (Bus Data Ready Line 
See Note 1) 

Logic Outputs 

High 

Low (Data Bus Lines DO-D15) 

Low (Bus Control Lines, 
BC1,BC2,BDIR) 

Low (All Others) 


AC CHARACTERISTICS 


Clock Pulse Inputs, 41 or ¢2 
Pulse Width tg2, tg2i| 120(CP1600) 
70(CP1600A) 


Skew (¢1, $2 delay) | 0 
Clock Period 


Rise & Fall Times 


Master SYNC: 
Delay from @ 


DO-D15 Bus Signals. 

Output delay from ¢1 
(float to output) 

Output delay from ¢2 
(output to float) 

Input setup time before $1 

Input hold time after $1 


Bus Control Signals 
BC1,BC2,BDIR 
Output delay from ¢1 


0.3(CP 1600) 
0.2(CP1600A) 


BUSAK Output delay from ¢1 

TCl Output delay from #1 

TCI Pulse Width 

EBCA output delay from BEXT 
input 

EBCA wait time for EBC! input 


CAPACITANCE 


$1, 62 Clock Input capacitance 


Input Capacitance 

DO-D15 CIN 
All Other ro 
Output Capacitance 

DO-D15 in high impedance state Cp 


**Typical values are at +25°C and nominal voltages. 
NOTE: 


Vap= —3V+10%, 0.2mA(typ) 
Operating Temperature (T,4)=0°C to +70°C 


re) ee See 


*Exceeding these ratings could cause 
permanent damage to these devices. 
Functional operation at these conditions is 
not implied—operating conditions are 
specified below. 


Conditions 


lon = 100uA 
lol = 1.6mA 


lol. = 2.0mMA 
loc = 1.66mA 


120(CP1600) 


{TTL Load & 25 pF 
70(CP1600A) P 


120(CP1600) 
70(CP1600A) 


TA = +25°C; Vop = +12V; Vcc = +5V; 
Vep=—eV; to1t ¢d2=120ns 


30 pF 
12 pF 
10 pF 
15 pF 


194 


1. The Bus Data ReaDY(BDRDY) line is sampied during time period TSI after aBAR or ADAR bus control signal. BDRDY must 
go low requesting a wait state 50 ns before the end of TS1 and remain low for 50 ns minimum. BDRDY may go high 
asynchronously. In response to BDRDY, the CPU will extend bus cycles by adding additional microcycles up to a maximum 
of 40 usec duration. 


CP1600 8 CP1600A [=] 


BUS TIMING DIAGRAM 


Irsitts2 Ts31TS4iTSIits2 TS3 ''S4iTSI1TS2iTS3 ‘TS4i St iTS2 TS3 {TS4iTS| TS2!TS3!TS4!TSI S21 
Tee seat eae se ,e am aw: 
P°NARAARNAAAPPL, 
JS CONTROL” V7 BAR 71 NACT_ 7 o1B VA NAcY 


DO-DIS. FLOAT WYN toa XX Fon AKO 
<> <> <> 


OUTPUT INPUT OUTPUT PC+I TO 
PROGRAM COUNTER BEXT INSTRUCTION FETCH DISPLACEMENT 


=| Coe ke 
EBON XXXXXXK UNDEFINED XXXKKX XK STABLE AS LONG AS ADDRESS IS STABLE 
| 


EBCI ———_— DON'T CARE . on DON'T CARE —= 


VALID INPUT 
THROUGHOUT TS! 


LEGEND: \ DO-DI5 BUS 
AN CHANGING DIRECTION 


TYPICAL INSTRUCTION SEQUENCE 


Iw CYCLE 


OBA fy SL ep eR 1 RLS gy LA Le 


1 


‘ 


BCI, BC2, ae MSYNC 
BDIR 0.8V 


teope tgee aaa aa 


ee ee 
- -*--—------- 


al 


“J 


BUS BUS BUS INPUT 
CHANGING FROM OUTPUT CHANGING FROM INSTRUCTION 
FLOAT MODE TO VALID OUTPUT MODE TO OR DATA 
OUTPUT MODE FLOAT MODE OPERAND 


BRANCH ON EXTERNAL CONDITION INSTRUCTION 
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[a] CP1600 # CP1600A 


SIMPLIFIED STATE FLOW DIAGRAM 


MSYNC* 


INPUT INITIALIZATION 
STARTING PC SEQUENCE 
(IAB) 


OUTPUT 
CURRENT PC 


(BAR) 
BORDY=0 WAIT 
[Leorovet beg dats 
BORDY=! SEQUENCE 


abe BDRDY = 0 
INPUT 
INSTRUCTION 
INTERNAL (OTB) EXTERNAL 
REFERENCE , REFERENCE 
INSTRUCTION INSTRUCTION 


ADDRESS 
SEQUENCE 


EXECUTE EXECUTE 
UN- INSTRUCTION SEQUENCE 
INTERRUPTABLE . INTERRUPTABLE 


INSTRUCTION INSTRUCTION 


BUS YES WAIT 
Cian OO eee BUS REQUEST 
no SEQUENCE 


BUSRQ* =| BUSRQ* = | BUSRO*:= O 


INTERRUPT 
INTR + INTRM -INTFF =O REQUEST, 
€s 


Y INTR + INTRM- INTFF =| 
OUTPUT 
sP 
(INTAK) 
WRITE INTERRUPT 


CURRENT PC SEQUENCE 
(Ow & OWS) 


INPUT 
DEVICE PC 
(IAB) 


BUS CONTROL SIGNALS 


BDIR BC1 BC2 Signal Decoded Function 
0 0 0 NACT No ACTion, DO-D15 = high impedance 
0 0 1 IAB Interrupt Address to Bus, D0-D15 = Input 
0 1 0 ADAR Address Data to Address Register, DO-D15 = high impedance 
0 1 1 DTB Data to Bus, DO-D15 = Input 
1 0 0 BAR Bus to Address Register 
1 0 1 DWS Data Write Strobe 
1 1 0 DW Data Write 
1 1 1 INTAK INTerrupt AcKnowledge 
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INSTRUCTION SET SUMMARY 


External Reference 


Instructions 
Arithmetic 
& Logic 


Internal Register Instructions 
Single Register 


Register Shift 


Control 
Instructions 


Jump 
instructions 


Conditional Branch Instructions 


Register to 
Register 


BC, BLGE 
BNC, BLLT 
BOV 
BNOV 
BPL 

BMI 

BZE, BEQ 
BNZE, 
BNEQ 
BLT 

BGE 

BLE 

BGT 
BUSC 
BESC 
BEXT 


ADD 
SUBtract 
CoMPare 
logical AND 
eXciusive OR 


ADD contents of Registers 
SUBtract contents of Registers 
CoMPare Registers by subtr. 
logical AND Registers 
eXclusive OR Registers 

MOVe Register 


CLeaR Register 
TeST Register 
Jump to address in Register 
INCrement Register 


-DECrement Register 


COMplement Register 
NEGate Register 

ADd Carry Bit to Register 
Get Status WorD 

No OPeration 

Software INterrupt 

Return Status WorD 

PULI from stack to Register 
PuSH Register to stack 


Shift Logical Left 
Rotate Left thru Carry 

Shift Logical Left thru Carry 
Shift Logical Right 

Shift Arithmetic-Right 

Rotate Right thru Carry 

Shift Arithmetic Right thru Carry 
SWAP 8-bit-bytes 


HaLT 
Set Double Byte Data 
Enable Interrupt System 
Disable Interrupt System 
Terminate Current Interrupt 
CLeaR Carry to zero 

SET Carry to one 


Jump 
Jump, Enable, interrupt 
Jump, Disable interrupt 
Jump, Save Return 

Jump, Save Return & Enable 


unconditional Branch 
Branch on Carry, C=1 

Branch on No Carry, C=0 
Branch on OVerflow, OV=1 
Branch on No OVerflow, OV=0 
Branch on PLus, S=0 
Branch on Minus, S=1 
Branch on ZEro or EQual 


Branch if Not ZEro or Not EQual 
Branch if Less Than 

Branch if Greater than or Equal 
Branch if Less than or Equal 
Branch if Greater Than 

Branch if Sign # Carry 

Branch if Sign = Carry 

Branch if External condition is True 


1 MICROCYCLE = 2 CLOCK CYCLES 


Jump, Save Return & Disable Interrupt 


CP1600 ® CP1600A [=] 


Microcycles 
Dir. Indr. Imm. Stac 


Comments 


Result not saved 


Add one cycle 
if Register 6 or 7, except*. 
Result not saved 


XORR with itself 


PC—(RRR) 


One’s Complement 
Two’s Complement 


Two Words 
Pulse to PCIT pin 


PULR=MVI @ R6 
PSHR=MVO @ R6 


O-mrDDAIODODIADIANDOANADD | OOOH DH 


one or two position 

shift capability. Add 

two cycles for 2-position 
shift 


2-position=SWAP twice 


to double byte data 


Not Interruptible 


a a Se % 
ppp | FHP HHA HL | DAMDDMAHODO 


1 of 16 external conditions. 


Must precede external reference 


12 Return Address 
12 saved in R4, 5 or 6 
12 
Z Displacement in PC+1 
7 PC-~PC+Displacement 
7 Add 2 cycles if test condition 
7 is true. 
7 
7 
7 
7 Z=1 
7 Z=0 
7 S¥OV=1 
7 S¥OV=0 
7 ZV(S¥OV)=1 
7 ZV(S¥OV)=0 
7 C¥S=1 
7 C¥S=0 
7 4LSB of Instruction are decoded to select 
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SERIES 1600 


16-Bit Microcomputer System 


FEATURES 


® Built around the General Instrument’s CP1600 MOS N- 
Channel Microprocessor. 
=# Complete microcomputer system to enable rapid program 
development. 
® Separate Data, Address and Control Buses. 
@ Up to 65K memory space. 
® Unlimited DMA channels. 
= Nested interrupt system with full priority resolution. 
@ Includes— MC1600 Microcomputer Module 
RM1601 8K RAM Memory Module 
1/01600 TTY High Speed Reader Punch 
interface Module 
CC1600 Control Console {Operator's Front 
Panel) and Control Console Module 
CF1600 Card File 
CA1600 TTY/EIA Cable Assembly 
CA1601 Reader/Punch Cable Assembly 
A full set of Software necessary to prepare and 
debug programs. 


DESCRIPTION 


To simplify microprocessor hardware and software develop- 
ment, speed the product design cycle, and support product 
prototyping, a microcomputer development system and its asso- 
ciated components are a must. The Series 1600 family fills these 
requirements with the GIMINI Microcomputer—a versatile, gen- 
eral purpose, stand alone computer system built with the Series 
1600 Semiconductor Components. 


The GIMINI utilizes a totally modular design allowing the system 
designer maximum configurability. The system provides direct 
addressing to 65K words, unlimited DMA channels, and a multi- 
line/multi-level nested interrupt system with full priority resolu- 
tion and self-identifying addresses. All control and timing signals 
as well as data and address buses are fully buffered and available 
for use in expanding memory or designing specialized 1/O 
interfaces. 
The basic hardware includes a card cage, front panel, and four 
printed circuit boards: the MC1600 Microcomputer Module, the 
RM1601 8Kx16 RAM Memory Module, the CC1600 Control Con- 
sole and Control Console Module, and the 1/01600 TT Y-EIA/High 
Speed Reader Punch Interface Module. Up to 9 additional cards 
of any type can be added as required. With the addition of a TTY 
_and a high speed reader/punch, the GIMINI becomes a test bed 
for customer designed interfaces and related hardware as well as 
a full program preparation facility. Its resident On-Line Debug 
Program allows testing of hardware and software directly on the 
system in real time and also totally eliminates the annoying 
bootstrap procedure. The On-Line Software Package provides 
the necessary program preparation aids, such as the Assembler, 
Text Editor, the Relocating/Linking Loader and the Object Mod- 
ule Linker. 


For the small volume user or those that want to avoid tooling and 
testing costs, all of the card level modules of the GIMINI are 
available on an OEM basis for further system integration. 
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GIMINI MICROCOMPUTER 


SE MR oy & MICROCaMBUTER 
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GENERAL Mmor Rumer CORPORATION 


BLOCK DIAGRAM 


DORESS REGISTER 
Part of MC1600 


INTERRUPT 
REQUEST 


INTERRUPT 
PRIORITY 


MODULES 
(Optional) 


TELETYPE- IGH SPEED HIGH SPEED RS232 
WRITER READER PUNCH DEVICE 


CF1600 
EX1600 


PS1600 
ww 1600 


mC A1600 
Gl CA1601 


CA1602 


GIMINI Accessories 


FEATURES 


CF1600 CARD FILE 

® 13-position 

= P.C. backplane with wirewrap capability 
@ Rack-mountable 

™ Cards are keyed to connectors 

@ 10.5” high x 19.0” wide x 12.0” deep 


EX1600 EXTENDER CARD 
= For use with all GIMINI cards 
® Two 70-pin connectors 


WW1600 WIREWRAP CARD 

® 126 16-pin positions 

® Power and ground planes provided 
® 10 Test points on edge of card 


PS1600 POWER SUPPLY 

® Provides all required voltages for the GIMINI Microcomputer 
System. 

@ +5V at 12A; +12V at 3A; -12V at 3A capability. 

® 1% line and load regulation. 

® Remote sensing capability. 


CA1600 TTY/EIA CABLE ASSEMBLY 
™ 6-ft. cable for connecting !/01600 Interface Module to TTY or 
EIA compatible device. 


CA1601 READER PUNCH CABLE ASSEMBLY 
@ 6-ft. Cable for connecting 1/01600 Interface Module with 
high speed reader-punch. 


CA1602 GP1600 MODULE CABLE ASSEMBLY 
@ 6-ft. cable for connecting GP1600 Interface Module with 
external device. 


DESCRIPTION 


The CF1600 Card File is designed to house up to 13 cards of the 
GIMINI family. The MC1600 Microcomputer Module, the CC1600 
Control Console Module, and the 1/01600 TTY-EIA/Reader- 
Punch Interface Module each have one assigned position. The 10 
remaining positions are available for memory modules, general 
purpose input-output cards, or special interface cards. 


The printed circuit backplane parallels the power supply rails and 
the data, address and controi buses for all 13 cards. There are 
separate voltage and voitage sense lines on the P.C. backplane 
for the +12V, -12V and +5V supplies. The bus system can be 
extended to another card file by wirewrapping or soldering a 
ribbon cable to one of the rear connectors. 

The EX1600 Extender Card can be used with any other card of the 
GIC1600 family. 

The WW1600 Wirewrap Card contains 126 16-pin sockets for 
prototyping special interface cards. Power and ground planes 
are provided. 

The PS1600 Power Supply provides all the power necessary to 
run the GIMINI Microcomputer System. The user has 2A of +12V 
and 2A of -12V available to him for extra memories and interfaces. 


CARD FILE 


CF1600 CARD FILE 


CARD 


MC1600 Microcomputer Module 
CC1600 Control Console Module 
Memory or |/O Cards 


1/01600 TTY-EIA/Reader-Punch 
interface Module 


He also has 9A of +5V available to him if his system uses one 
RM1601 8K RAM Memory Module. Special power supply 
configurations are available upon request. 

The CA1600 TTY/EIA Cable Assembly is a 6’ cable that has a 10- 
pin 3M connector to interface with the !/01600 TT Y-EIA/Reader- 
Punch Interface Module on one end. The other end is split into 
two sections: one is left unterminated for connection to a TTY; 
the other is terminated in a 25-pin data connector for connection 
to an EIA device. 


The CA1601 Reader/Punch Cable Assembly is a 6’ cable that has 
a 34-pin 3M connector to interface with the 1/O1600 TTY- 
E1lA/Reader-P.unch Interface Module on one end. The other end 
is split into two sections: both are terminated in 25-pin data 
connectors, one for connection to the reader and the other for 
connection to the punch. 

The CA1602 GP1600 Module Cable Assembly is a 6’ cable that 
has a 34-pin 3M connector to interface with the GP1600 General 
Purpose Interface Module on one end. The other end is 
unterminated. 
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oh 
INSTRUMENT 


Control Console and Control Console Module 


FEATURES 


®@ 16-bit Data/Address Display 

® 16-bit Switch Register 

® Easy to use Control Panel: 
Display/Modify all 8 internal registers. 
Display/Modify the CPU Status Word. 
Display/Modify all 65K Memory Space. 
Single Instruction operation. 
Program Counter Inhibit capability 

= ROM based Operating System: 
Conversational Monitor 
On-Line Debug Program/Software Breakpoints 
Relocating Loader (Eliminates Bootstrap) 
Memory Dump Program 
General Utilities/Input-Output Drivers 

® Standard 19” x 10%” rack mountable Control Panel 


DESCRIPTION 


The CC1600 Control Console and Control Console Module is 
designed to provide a convenient method of controlling and 
monitoring the GIMINI System. The CC1600 consists of a front 
panel and a printed circuit module that are connected with two 34 
pin flexible cables. The module contains the control logic to 
handle all front panel commands as well as the required interrupt 
logic to interface with the Microcomputer Module. 

The Control Console Module consists of six control ROMs, 
scratch pad memory (256x16),a 16-bit Switch Register, a 16-bit 
Display Register, and the control logic to service any front panel 
request. 


All functional operations for the Control Console are performed 
by the execution of program stored in the control ROMs. Press- 
ing any action switch on the Control Console results in an 
interrupt request to the CP1600. After this interrupt is acknowl- 
edged, the CC1600 supplies the starting address of the Control 
Console service routine which performs the required function. In 
addition, the program automatically stores all CP1600 register in 


BLOCK DIAGRAM 


OBL 0-15° 
BADR 0-15* 


HALT 
ADDRESS CONTROL 
CONTROL ROM 


PANEL LOGIC DATA 


BUS 
16 ORIVER 


STATUS 
REGISTER 


SWITCH 
REGISTER 


INTERRUPT ADDRESS 


DISPLAY 
. ORIVER 
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GENERAL INSTRUMENT CORPORATION 5&I | 


the scratch pad memory which is accessible via front panel 
selection. Consequently, whenever the CP1600 is in the HALT 
mode, the Control Console has direct access to all updated 
CP1600 information. 


The control ROMs also contain all the firmware necessary for the 
development of micro-processor based systems. An On-Line 
Debug program is included so that software breakpoints and 
memory search routines may be executed. The system monitor 
allows the user to maintain conversational control via teletype 
interaction. The Relocating Loader can be used to input data 
from either a TTY or High Speed Reader, while the Memory 
Dump program allows any block of memory to be punched onto 
paper tape. 

The Control Console Module is packaged on a 9.75" x 9.25” P.C. 
board, which mates with a dual 70-pin connector. It also inter- 


faces with two 34-pin connectors for connection to the control 


console. Its operating temperature is 0°C to 55°C. It requires +5V 
+5% at 1.0A. 


CONTROL CONSOLE MODULE 


GP1600 


i 
INSTRUMENT 


General Purpose Interface Module 


FEATURES 


1 16-bit Addressable Input Port 

1 16-bit Addressable Output Port 

2 Addressable Status Registers 

Interfaces directly with MC1600 Module 

Space provided for sockets for I/O Control Logic 
Full Interrupt Capability. 


DESCRIPTION 

The GP1600 General Purpose Interface Module has two software 
addressable ports: one 16-bit input port and one 16-bit output 
port. Each port has an associated 4-bit status register that is 
addressable via program control. Provision is made so that the 


peripheral device can be operated on an interrupt or polling . 


basis. Address decoding for the module is provided on the card 
although specific port assignments are determined by backplane 
selection. It is therefore possible to use up to eight GP1600 in a 
given system. 

Connection to a given peripheral device is accomplished by a flat 
ribbon cable. Dual 34 pin connectors are mounted at the top end 
of the module. Space has been provided to accommodate wire 
wrap sockets so that specific interface circuitry may be incorpor- 
ated on the module. Control and data signals have been brought 
out to wire wrap pins to facilitate prototype development. 


BLOCK DIAGRAM 


INTRM™ 


IPRI* 
IMSKI* 
to1* 


16 
DATI 6-15 


SYNCHRONIZER 
INRDY * 


INERR* 
ouTrRoy* 
OUTERR * 


nact * 


SERIES 1600 


GENERAL PURPOSE INTERFACE MODULE 


The module will accept dual-in-line package components 
mounted in standard wire wrap sockets. Locations for 14, 16, 22, 
24 pin sockets are available. 


The GP1600 General Purpose I/O Module is a 9.75” x 9.25” 


printed circuit card. Its operating temperature range is 0°C to 
55°C. 


DATA BUS 


DATO 9-15 


pisouT * 


INITIN * 


INITOUT * 


ADORESS 
DECODER 


BADR3-I5* HWi-3 BADR2* BADRI* BADR O* 
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1/01600 SERIES 1600 


TTY-EIA/Reader-Punch Interface Module 


FEATURES 


TTY-EIA/READER-PUNCH INTERFACE MODULE 


® Teletype Asynchronous Transmitter-Receiver and Control 
(UAR/T) 

® High Speed Reader/Punch Controller 

® EIA (RS-232C) Interface 

s Interfaces directly with MC1600 Microcomputer Module 

= TTL Compatible to |/O Peripherals 


DESCRIPTION 

The 1/01600 TTY-EIA/Reader-Punch Interface Module handles 
full duplex communication between a Teletype, High Speed 
Reader/Punch combination or any RS-232C compatible device 
and the MC1600 Microcomputer Module. The !1/01600 Module 
has complete interrupt capability with four separate channels: 
two for the receiver section, High Speed Reader and TTY Read- 
er/Keyboard; and two for the transmitter section, High Speed 
Punch and TTY Punch/Printer. These four interrupt channels 
operate independently with the receiver sections taking priority 
over the transmitter sections on simultaneous interrupts. The 
High Speed Reader/Punch has a higher priority than the TTY. 
Electrically, the |1/O01600 Module has a20 mA current loop for TTY 
operation and a TTY reader control line which allows the micro- 
processor to control the Teletype reader during on-line opera- 


tion. The High Speed Reader/Punch interface controls a high The I/O Module is a 9.75” = 9.25” P.C. board, which mates witha 
speed Reader/Punch combination capable of reading paper tape dual 70 pin connector. It also interfaces with a 10 pin connector 
at 300 characters per second and punching tape at 60 characters for the TTY and a 34 pin connector for the high speed 
per second. The |/01600 module also provides the additional reader/punch. Its operating temperature is 0°C to 55°C. It 
capability of interfacing with any RS-232C compatible terminal. requires +5V+5% at .5A, +12Vt5% at .2A and -12V+5% at .2A. 


BLOCK DIAGRAM 
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ered REGISTER & LOGIC 


DATA 


gus 
ee TTY/EIA PRINTER 8 LSP ee px | CIORIVERS 
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RA 


NT 


Microcomputer Module 


FEATURES 


# Complete microcomputer module with system clocks, 
memory interface, and fully buffered Address, Data, and 
Control Buses 

Built with General Instrument’s CP1600 MOS N-Channel 
microprocessor 

Two Phase CPU Clock 

Direct and Register Addressing up to 65K memory space 
Memory stack pointer 

Two Programmable Interrupt Lines/Multi-Level and Self 
Identifying 

DMA Channel Capability 

16 External Sense Conditions for Conditional Branching 
Generalized Initialization Logic 

Real Time Clock Interrupt 

Power Fail Interrupt 


DESCRIPTION 

The MC1600 Microcomputer Module is a complete 16-bit parallel 
processing unit. It contains the hardware necessary to interface 
with memory and I/O. This is the main module in the GIMINI 
System. 


The Microcomputer Module is designed around the CP1600, a 16- 
bit microprocessor on a chip. The MC1600 contains a 16-bit wide 
Bidirectional Bus Driver, Address Register and Driver, Bus Con- 
trol Decoder-Driver, Crystal Oscillator, Clock Driver, an External 
Branch Multiplexer, A Real Time Clock Interrupt and a Power Fail 
Interrupt. 


Two line, multi-level interrupt capability and Direct Memory 
Access are provided on this module. In response to an interrupt, 
the microcomputer automatically saves the current Program 


BLOCK DIAGRAM: 


MSYNC* 
3 


SERIES 1600 


MICROCOMPUTER MODULE 


Counter on the Memory Stack, resolves interrupt priority and 
vectors to the device’s interrupt service address. The direct 
memory access capability allows an alternate source to access 
memory or I/O while temporarily suspending processor opera- 
tion. At the completion of a DMA operation, normal program 
execution continues in normal fashion. 


The Microcomputer Module is a 9.75” x 9.25” P.C. board, which 
mates with a dual 70 pin connector. Its operating temperature 
range is 0°C to 55°C. It requires +5V+5% at .5A, +12V+5% at .1A 
and -12V+5% at 4 ma. 
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PM1600 SERIES 1600 


PROM Memory Module 


FEATURES 


Provides sockets for up to sixteen PROMs (409616) 
Static Memory - no clocks required 

Field programmable 

Erasable with short wave ultra-violet light 

1 us max. access time 

Buffered TTL inputs - 1 load 

Open collector TTL output - 30 loads 

Module decoding for 65K memory expansion 


PROM MEMORY MODULE 


DESCRIPTION 


The PM1600 PROM Memory Module is a standard 4096x16 
memory module for use in the GIMINI Microcomputer System. 


It is useful during the initial product design phase before freezing 
the program for a production quantity of lower cost masked 
ROMs, such as General Instrument’s 16K RO-3-8316A(2K*8). 


This memory module has sixteen sockets for 4096-bit static read- 
only memories. Each row of 8 rows will provide 512 16-bit words 
of memory. Each row contains 2 PROMs. 


The Address bus inputs from the GIMINI to the memory card are 
buffered to provide the necessary address inputs to the PROMs. 
The sixteen data outputs from the PROMs are buffered onto the 
Data bus of the GIMINI System. For memories larger than 4K~x16, 
decoding on the module allows addressing for a total of 65K 


memory. The PM1600 PROM Memory Module is a 9.75"*9.25” P.C. board, 
A special memory delay circuit is also provided on the board and which mates with a dual 70 pin connector. Its operating 
is used to insure that the CP1600 microprocessor waits until temperature range is 0° to 55°C. A board fully loaded with all 16 
stable data is available from the PROMs. PROMs will require +5+5% at .5A and -12t5% at .5A. 


BLOCK DIAGRAM 
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RM1600 SERIES 1600 


2Kx16 RAM Memory Module 


2KX16 RAM MEMORY MODULE 
FEATURES 


@ 2048—16-bit words per module 

@ Static memory, no clocks required 
® Single +5 Volt Supply 

@ Byte or Word Capability 

Module decoding for 65K memory expansion ‘ en Oey omen 
750 ns Read/Write Cycle Time 
Open Collector TTL Output—30 Loads : 
Buffered TTL Inputs—1 Load 
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The RM1600 Memory Card is a standard 2Kx16 memory module : 
for use in the GIMINI Microcomputer System. This memory card 
contains address and data buffers, read/write circuits, low or 
high byte word selection logic, and is implemented with General 
Instrument’s RA-3-4256B 1024 bit static Random Access Memo- 
ry. There are thirty-two 22 pin 256x4 static RAM’s packaged ona 
9.75” x 9.25” x .062” printed circuit board, which mates with a 
dual 70 pin connector. Its operating temperature is 0°C to 55°C. 
It requires +5V + 5% at 2.0A typical. : oo — : 
The Address bus inputs from the GIMINI to the memory card are TTT EP 
buffered to provide the necessary address inputs to the RAM’s. 
The sixteen data outputs from the RAM are buffered onto the 
Data bus of the GIMINI System. 


If more than one 2K memory card is used in the GIMINI System, 
provisions are provided for proper selection of 2K increments, up 
to 65K (32 modules) memory space. 


2Kx16 MEMORY CARD TIMING DIAGRAMS 
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8Kx16 RAM Memory Module 


FEATURES 


@ 8192 — 16-bit words per module. 

= Static memory, no clocks required. 

@ Byte or Word Capability. 

= Module decoding for 65K memory expansion. 
® 400 ns Read Time. 

@ 500 ns Cycle Time. 

= Open Collector TTL Outputs—30 Loads 

= Buffered TTL Inputs—1 Load 


DESCRIPTION 


The RM1601 Memory Card is a standard 8Kx16 memory module 
for use in the GIMINI Microcomputer System. This memory card 
contains address and data buffers, read/write circuits, low or 
high byte word selection logic, and is implemented with General 
instrument's RA-3-4402 4096 bit static Random Access Memory. 
There are thirty-two 22 pin 4Kx1 static RAM’s packaged on a 
9.75” x 9.25” x .062 printed circuit board, which mates with a dual 
70 pin connector. Its operating temperature is 0°C to 55°C. It 
requires +5V +5% at 0.5A typical, +12V +5% at 0.5A typical and 
-12V +5% at 0.1A typical. The Address bus inputs from the GIMINI 
to the memory card are buffered to provide the necessary ad- 
dress inputs to the RAM’s. The sixteen data outputs from the 
RAM are buffered onto the Data bus of the GIMINI System. 

If more than one 8K memory card is used in the GIMINI System, 
provisions are provided for proper selection of 8K increments, up 
to 65K (8 modules) memory space. 


8Kx16 MEMORY CARD 
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SERIES 1600 


8KX16 RAM MEMORY MODULE 
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INSTRUMENT 


SERIES 1600 


Software 


FEATURES 


® Cross Software Package including Assembler/Simulator 
programs. 

® On-Line Software Package for Program Preparation on 
Microcomputer. 

= Resident Firmware in ROMS on Control Console Module in 
GIMINI Microcomputer allows conversational debugging of 
programs. 

®™ Subroutine Library: Math packages, Code Conversion 
routines, String Operators, etc. 


DESCRIPTION 

Software is fundamental to making every microprocessor come 
alive and the Series 1600 is no exception. The entire product 
family is supported by an extensive software system designed to 
make program development fast and efficient. Most important, 
the software structure is designed to grow with the hardware to 
insure a long term product continuity. 


The Series 1600 Cross Software Package contains a versatile set 
of program preparation tools including compatible As- 
sembler/Simulator programs operating at two different compu- 
ter system levels—large machine or time share, or popular 
minicomputer systems. Each accepts Series 1600 assembly lan- 
guage statements as input and produce relocatable, linkable 
object code as output. In addition, the full microprocessor en- 
vironment, including I/O operations, is simulated on the host 
machine so that complete program debugging and testing can 
be performed before committing to hardware. The combination 
of these features along with the ability to use a minicomputer asa 
host processor results in the lowest cost,easiest to use, Cross 
Software Package in the industry. 


The GIMINI Microcomputer System also serves as a program 
preparation and hardware debug facility with the aid of its resi- 
dent firmware and the On-Line Software Package. The resident 
firmware consists of a basic operating system containing a 
Monitor, the On-Line Debug Program, the Relocating Loader, the 
Memory Dump Program, and a number of other basic utility 
routines. The firmware also supports the system I/O with gener- 
alized routines for input/output from a TTY, high speed paper 
tape reader/punch, or any RS232 compatible device. 


The On-Line Software Package includes the Symbolic As- 
sembler, the Text Editor and the Relocating/Linking Loader, the 
Object Module Linker and the Super Assembler. The Object 
Module Linker provides the same features as S16LNK allowing 
generation of relocatable or absolute load modules on-line. The 
Super Assembler allows programs to be coded using high level 
procedure oriented statements while providing all the flexibility 
of basic assembly language. 


SOFTWARE LINEUP 


SOFTWARE MINICOMPUTER 
SOFTWARE ARY CROSS SOFTWARE 


SI6RLL “$16100 SI6LNK 
Relocatabie Input ‘Output Object Module 
Linking Loader Drivers Linker 
SI6FPR 
"8065 =} Fioating a) 
wes Routines 
S16OML ‘ ~ §16DMR S168PT 
Object Module Decimal Math Binary Tape 


Linker Routines Generator 
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S16XSFT CROSS SOFTWARE PACKAGE 


The Series 1600 Cross Software Package is coded in low level 
Fortran IV and is specifically designed to operate in a 16-bit 
minicomputer environment. The Cross Software package has 
been installed on many popular minicomputer systems such as 
DGC NOVA and DEC PDP11. The Cross Software package has 
also been installed on many popular time-sharing computer 
systems. . 


S1i6XAL CROSS ASSEMBLER 

Symbolic representation of all instructions 
User defined six character symbols 

Octal, decimal, hexadecimal and ASCII literals 
Expression evaluation 

Extensive assembly directives 

Absolute, Relocatable or Relocatable/Linkable assembly 
Full program and sorted symbol listing 
Extensive error detection 

S16XRF CONCORDANCE GENERATOR 
Assembly symbol cross reference map 


S16LNK OBJECT MODULE LINKER 
Resolves global/external symbol linkages 
Relocates and merges object modules 
Produces relocatable/absolute load module 
Produces load module map 


S16SIM SIMULATOR 

Full Series 1600 Instruction set simulation 

Full 65K word memory simulation 

1/O and interrupt simulation 

Memory and/or Register breakpoints 

Memory and/or Register traces 

Simulated program execution time accumulation 
Program execution time and stack size limits 
Inspection and modification of memory and registers 
Symbolic memory addressing 


S16BPT BINARY PAPER TAPE GENERATOR 
S16RTG ROM PATTERN TAPE GENERATOR 
S16SXAL SUPER ASSEMBLER . 


High level procedure oriented instructions plus all 
features of S16XAL. 


GIMINI RESIDENT FIRMWARE 


The resident firmware in the GIMINI Microcomputer System 
creates an efficient, easy to use, prototyping tool for the 
development of microprocessor based products. The firmware 
performs all front panel functions as well as creating a terminal 


driven operating environment. Features include the following: 


SI6MTR MONITOR 
Conversational system control 
TTY communications 


$160DP ON-LINE DEBUG PROGRAM 
Eight program breakpoints 
Register/Memory display and modify 
Memory search and initialize 

Single step/Execute commands 
Modify Branch and Jump destinations 
Module Relocation Origins 


S16LDR RELOCATING LOADER 

Full relocation capability 

TTY or H.S. Paper Tape Reader input 

S16MDP MEMORY DUMP PROGRAM 
Punches in S16LDR format 

TTY or H.S. Paper Tape Punch output 
Generalized Code Conversions 

TTY input/output driver 

H.S. Paper Tape Reader/Punch driver 
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SERIES 1600 ON-LINE SOFTWARE PACKAGE—s : 


The Series 1600 On-Line Software Package is written in 2 
assembly language and runs on the GIMINI Microcomputer —— 
System. All programs are designed to be directly input/output 
compatible with the S16XSFT Cross Software Package so that 
either means of program preparation can be used 
interchangeably. 

S16AL ASSEMBLER 

Same features as S16XAL 

S16TXE TEXT EDITOR 

Multiple line buffering 

Symbol search 

Character, line, string editing 

S16RLL RELOCATING/LINKING LOADER 

Global and external symbol resolution 

Full relocation capability . 

Loads and links multiple object modules 

Memory map 

$16DGS DIAGNOSTICS 

Memory diagnostic 

Instruction test 


- |/O Controller exerciser 


S16OML OBJECT MODULE LINKER 

Same features as S16LN 

S16SAL SUPER ASSEMBLER 

High level procedure oriented instructions plus 
all features of S16AL. 


SERIES 1600 SUBROUTINE LIBRARY 

The Series 1600 Microprocessor System is supported by an 
extensive and growing library of useful subroutines designed 
to relieve the user of many time consuming software chores. 
All of Subroutine Library programs are written in Series 1600 
Assembly Language making them both fast and effficient. They 
are compatible with both the Series 1600 Symbolic Cross 
Assembler (S16XAL) and the Series 1600 On-Line Assembler 
(S16AL). In addition, al! library programs are designed to be 
directly compatible with hardware extensions to the Series 


-1600 product family so that increased performance can be 


achieved without software complications. 


S16BMR BINARY MATH ROUTINES 
Signed Multiply/Divide 

Square Root 

Double Precision Multiply/Divide 
Double Precision Square Root 

S16CCR CODE CONVERSION ROUTINES 
Binary to BCD—BCD to Binary 

Binary to ASCII—ASCII to Binary 
Binary to HEX—HEX to Binary 

Binary to OCTAL—OCTAL to Binary 
Fixed to Floating—Floating to Fixed 
$1610D INPUT/OUTPUT DRIVERS 
TTY Input/Output 

H.S. Paper Tape Reader/Punch Input/Output 
Byte Table Pack—Byte Table Unpack 
S16FPR FLOATING POINT ROUTINES 
Floating Add/Subtract 

Floating Multiply/Divide 

I/O Conversion 

S16DMR DECIMAL MATH ROUTINES 
Decimal Add/Subtract 

Decimal Multiply/Divide 

Decimal Square Root 

Decimal Compare 
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Super Assembly Language 
FEATURES 


m@ High level operations: LET, GOTO, GO@, 
CALL, IF, IF-THEN, IF-THEN-ELSE, DO, DO-FOR, 
DO-WHILE. 


@ Array subscripting 


m Literal representation in Binary, Octal, Decimal, 
Hexadecimal and character notation. 


#@ Symbolic representation of all CP1600 instructions. 


@ Directives for: 
Controlling register utilization of high level operations 
Controlling storage allocation 
Initializing storage 
Specifying character strings 
Declaring a program entry point 
Declaring global and external symbols 
Declaring a program entry point 
Specifying assembly output form 
Controlling conditional assemblies 


m Absolute and Relocatable load module output 


m Absolute and Relocatable linkable object 
module output 


@ Program listing 
™ Extensive error diagnostics 


HIGH LEVEL STATEMENTS 


GOTO 

The GOTO statement is used to transfer program control 
unconditionally to a specified destination. 

Ex.: GOTO SCAN 


GO@ 

The GO@ statement is used to transfer program control 
unconditionally indirectly through a specified storage designator 
to a destination. The destination is defined by the current 
contents of the storage designator. 

Ex.: GO@ TABLE (1) 


CALL 


The CALL statement is used to transfer program control to a 
subroutine. Arguments, i.e., parameters to be passed to the 
subroutine, follow the subroutine name enclosed in parenthesis 
and separated by commas. 


EX.:: CALL  SQRT(I,J) 


LET 

The LET statement is used to perform data transfers, arithmetic 
computations and logical operations involving constants, 
variables and subscripted variables. Addition, subtraction, 
multiplication, division, negation and logical NOT, AND, 
exclusive OR and inclusive OR operations may be performed 
using the LET statements. . 

EX.: LET X= .NOT. Y .AND. Z*5 


IF 


The IF statement is used to perform tests on single quantities and 
make comparisons between two quantities. The quantities may 
be constants, variables, assembly expressions and subscripted 
variables. An IF statement may be of three types: arithmetic, 
conditional or relational. The arithmetic IF is used to test a 
quantity for negative, zero and positive and directly transfer to a 


DESCRIPTION 


The General Instrument Super Assembly Language enables the 
CP1600 user to implement programs at a procedural level using 
FORTRAN-like statements rather than at the machine level of 
conventional assembly languages. Super Assembly Language 
includes LET, IF, CALL, DO, GOTO, and GO@ high level 
operations as well as all the instruction mnemonics and assembly 
directives of basic CP1600 assembly language. Super Assembly 
Language provides both the novice and the experienced 
programmer with the convenience and efficiency of procedural 
level programming while retaining the flexibility and economy of 
basic assembly language. Many applications can be completely 
coded using the high level operations, but when required, basic 
assembly statements can be intermixed freely with high level 
statements. The CP1600 Super Assembly Language is based on 
the popular high level programming languages, FORTRAN and 
BAIC. 


The Super Assembler Program converts source programs written 
in CP1600 Super Assembly Language into binary machine code. 
This conversion process is accomplished by making two passes 
through a source program. The Super Assembler Program also 
produces a listing of the assembled program; the full instruction 
expansion into machine assembly language for each high level 
statement may be printed on the listing, if the expanded listing 
option is selected by the user. 


corresponding destination. The conditional IF is used to test a 
quantity for positive, negative, zero and non-zero and the 
relational IF is usea to compare two quantities. The conditional 
and relational IF statements may execute a GOTO statement if 
true. They may also cause a THEN-ELSE (THEN, if true and 
ELSE, if false) sequence of instructions to be executed. The 
THEN-ELSE capability is a feature not found in FORTRAN or 
BASIC and is similar to the IF-THEN-ELSE facilities in more 
powerful languages such as ALGOL, COBOL and PL/I. 


EX.: IF ANSWR .ZERO. GO TO NEXT 
IF QUANT .EQ. LIMIT THEN 
CALL SQRT(A) 

END 


EX.: IF A .EQ. 2 THEN 

LET B=5 

ELSE 

LET B=6 

END 
DO 
The DO statement is used to perform looping and iterative 
operations by causing a sequence of statements between the 
DO statement and a corresponding CONT (CONTinue) 
statement to be executed repeatedly. Such a statement 


Sequence is known as a DO loop. DO loops may be nested i.e., 


contain other DO loops up to a depth of four levels. When DO 
loops are nested, inner loops terminate before outer loops. DO 
loops may be controlled by FOR or WHILE conditions. 


EX.: ABC 


DO ABC FOR | = INIT, MAX, INCR 
IF (TBL (i) EQ. QTY) GO TO GETOUT 
CONT 

EX.: XYZ DO XYZ WHILE QTY .GT. LIM 


LET K = K .AND. MASK 
LET QTY = K + INCR 
CONT 
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PIC1640 


GENERAL 
INSTRUMENT 


Programmable Interface Controller 


FEATURES 


m User Microprogrammable 

® Intelligent Controller for Peripheral Interfacing 

@ 32 8-Bit Registers 

@ 256x12-Bit ROM for Microprogram 

@ Arithmetic Logic Unit 

m 2 Sets of 8 User Defined Peripheral Input/Output Lines 
® Real Time Clock Counter . 

= Self contained Oscillator 

® Simple Interfacing to Microprocessor 


DESCRIPTION 


The PIC1640 MOS/LSI circuit array is a byte oriented micro- 
programmable interface controller designed to satisfy the re- 
quirements for low cost peripheral device interfacing. The array 
is part of the Series 1600 Microprocessor System and also has 
applicability as an I/O controller in many other computer product 
families. The array is a complete single chip controller with 
internal ROM microprogram defining the overall functional char- 
acteristics and operational waveforms on each of the general 
purpose input/output lines. The array can be programmed to 
scan keyboards, drive multiplexed displays, interface magnetic 
tape cassettes, control printers, implement communication line 
disciplines, and interface a host of other low to medium speed 
peripheral devices. Because of its microprogrammable architec- 
ture, the PIC1640 is a truly intelligent controller as opposed to a 
simple interface adapter. _ 


The PIC1640 is fabricated with N-Channel lon Implant technol- 
ogy resulting in a high performance product with proven re- 
liability and production history. Only a single 5 volt power supply 
is required for operation, and an on-chip oscillator provides the 
operating clock with only an external R/C network to establish 
the frequency. inputs and outputs are TTL compatible. The 
P1C1640 is supplied in a 40 pin dual-in-line package. 
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2 LEVEL 
PUSHDOWN STACK 


PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


The Programmable Interface Controller family (PIC1640/1650 
and all extensions) is supported by an extensive software and 
hardware package. The software package includes Cross As- 
sembler/Simulator programs designed to run at both the large 
machine on time share and minicomputer system levels. The 
hardware package includes a TTL prototype emulator board with 
which the user can verify, in his actual system, the microprogram 
in PROM before committing it to mask tooling. For added flex- 
ibility, the board can also fit into the GIMINI developmental 
system such that the PIC microprogram can be stored in RAM 
and accessed as memory as part of the CP1600 microprocessor 
address space. Thus, on-line changes in code can be 
implemented without the inconvenience of reburning PROMs. 
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PIN FUNCTIONS 


Signal/Function 


DO-7 (input/output/high impedance 

Bidirectional Data Bus lines 0 to 7. Used by the PIC1640 to send 
and receive data and control information to the Series 1600 
microprocessor. 

BOUT (input) 

Data Bus direction control. Driven directly by the Series 1600 
microprocessor to control the direction and state of the tri-state 
buffers on DO-7. 

DWRT* (input) 

Data Write pulse. Read/write control to the internal registers of 
the PIC 1640. 

ADRO-2 (input) 

Address Bus lines 0 to 2. Used to select one out of 8 internal 8-bit 
registers for reading or writing data or control information. 

CS* (input) 

Chip Select. Used to select one PIC 1640 out of a number of 
others connected to a common bus. Also used to provide syn- 
chronization to bus operations. 


CHIRQ* (output) 


Channel Output Request. Used to request data channel input 


mode service from the Series 1600 microprocessor. 

CRQCL”* (input) 

Channel Request Clear. Input to the PIC 1640 to clear channel 
service. 


PIC1640 [a] 


INRQ* (output) 
Interrupt Request. Used by the PIC 1640 to request an interrupt 
from the Series 1600 microprocessor. 


IRQCL* (input) 
Interrupt Request Clear. Input to the PIC 1640 to clear the request 
for interrupt service. 


OSC (input) 

Oscillator. This input can be driven by an external oscillator if a 
precise frequency of operation is required or an external R/C 
network can be used to set the frequency of operation of the 
internal clock generator. The maximum OSC frequency is 4MHz. 


 MCLR* (input) 


Master Clear. Used to initialize the internal ROM microprogram 
to address 377,. 


RTCC* (input) 

Real Time Clock Counter. Used by the microprogram to keep 
track of elapsed time between events. The maximum RTCC* 
frequency is 1MHz. 


RAO-7, RBO-7 (input/output) 

User programmable I/O. These lines can be inputs and/or out- 
puts and are under direct control of the microprogram for use as 
control signals to the peripheral devices. 


ARCHITECTURAL DESCRIPTION 


The firmware architecture of the PIC1640 controller is based ona 
register file concept with very simple, low level, microcommands 
designed to emphasize bit, byte, and register transfer operations. 
The primary purpose of the PIC is to perform logical processing, 
basic code conversions, formatting, and to generate fundamen- 
tal timing and control signals for I/O devices. The emphasis is on 
control and interface functions as opposed to computing 
functions. 


Internally, the PIC1640 is composed of three functional elements 
connected together by a single bidirectional bus: the Register 
File composed of 32 addressable 8-bit registers, an Arithmetic 
Logic Unit, and a Control ROM composed of 256 microcontrol 
words each 12 bits in width. . 


The Register File is divided into two functional groups: opera- 
tional registers and general registers. The operational registers 
are addressed as FO to F7 (the first 8 of the total of 32 file 
registers) and include among others the Real Time Clock Coun- 
ter Register, the Status Register, the Micro Instruction Counter 
(MIC), and I/O Registers A and B (RA and RB). The general 
registers are addressed as F8 to F31 and are used for data and 
control information under command of the microinstructions. 
The last 8 of the general registers (F24 to F31) are also addressa- 
ble via the interface port to the Series 1600 bus structure provid- 
ing a direct communications path between the controller and the 


host Series 1600 microprocessor. These 8 registers effectively 
form a set of “mailbox” slots that are addressable as locations 
within the address space of the host microprocessor as well as by 
the controller microprogram. The allocation of these shared 
memory locations to specific functions is done completely by 
program convention. Typical examples might be as buffers for 
multi-byte data strings, check sum characters, special error code 
patterns, sync or control characters, and general bit flags for 
control purposes. 


The Logic Unit contains one temporary working register and 
gating to perform Boolean functions between data held in the 
working register and any file register. Emphasis is placed on 
logical operations and bit manipulations as opposed to arithme- 
tic functions. 

The Control ROM contains the operational program for the rest 
of the logic within the controller. Sequencing of microinstruc- 
tions is controlled via the Instruction Counter (MIC) which auto- 
matically increments to execute in-line programs. Program 
control operations can be performed by Bit Test and Skip in- 
structions, Jump instructions, or loading computed addresses 
into the MIC accessed as one of the file registers. In addition, an 
on-chip pushdown stack is employed with the return address 
register (TIC) serving as the top element of the stack. This 
permits easy to use subroutine nesting. 
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[a] PIC1640 


REGISTER FILE ARRANGEMENT 


File Function 

FO Nota physically implemented register. FO calls for the contents of the Instruction Modification 
Register (low order 5 bits) to be used to select a file register. 

F1 Real Time Clock Counter Register. This register can be loaded by the microprogram but will 
always read as 3773. 

F2 Micro Instruction Counter (MIC). 

F3 Status Word Register 


t}ajajajrrcs} z | oc] c 


RTCB: Cleared when Real Time Clock is loaded; set when Clock count reaches zero. 


C: Stores the carry out on arithmetic operations, and acts as a bit link on rotate 
operations. 
DC: Stores the carry out of low order digit on arithmetic operations. 
Zz: Set if the result of the arithmetic operations is zero. 
F4 Instruction Modification Register (IMR). Low order 5 bits only are used. The IMR is useful in 


generating effective file register addresses under program control. When accessed as a 
directly addressed file, the upper 3 bits read as a logic “1”. 


F5 I/O Register A (RA) 
F6 I/O Register B (RB) 
F7 Interface Status Register (ISR). Bits in this file can request interrupt and channel service from 


the host microprocessor when appropriate. 


I: Set under microcode control to request interrupt service (INRQ*) from the host 
microprocessor. Cleared by MCLR* and IRQCL”*. 


CO: Set under microcode control to request channel output mode service (CHORQ*) 
from the host microprocessor. Cleared by MCLR* and CRQCL”. 
Cl: Set under microcode control to request channel input mode service (CHIRQ*) from 
the host microprocessor. Cleared by MCLR* and CRQCL". 
F8-F23 General Registers for use by microprogram. 
F24-F31 General Registers and “mailbox locations” for external communications with the host 


CPU.These are selected by ADRO-2. 


INSTRUCTION SET SUMMARY 


(The instruction execution time is 1 usec, except if a conditional test is true or if the MIC register is changed as a result of an 
instruction. In these two cases, the instruction execution time is 2 usec.) 


LITERAL and CONTROL FILE OPERATIONS 
(4) (8) (6) (1) (5) 
OP CODE 8-BIT LITERAL OPCODE |R) FILE # 
W Specifies working register STATUS R field specifies result to be replaced in W or File No. File No. field 
Load W Literal-W oe specifies 1 of 32 file registers. 
And W Literal “AND” W—W Z And W “AND File—R Z 
OrW Literal “OR” W—W Zz OR W “OR” File-R Z 
Xor W Literal “EX OR” W—W Zz XOR W “OR” File-R Z 
Return & Load W Literal-W & TICt—MIC — Add W + File-R C,DC,Z 
Jump & Store MIC—TIC1& Literal—-MIC _ Move W W-R — 
Jump Literal-MIC = Increment F F+1-R 
: : Complement F F——R 
NOTE: | and t mean push and pop the TIC stack, respectively. Move File FR Zz 
Subtract File F+W+1-R C,DC,Z 
BIT OPERATIONS Decrement File Skip Zero F-1—R; Skip if zero result — 
(4) (3) (5) Rotate Right File F.—R, - 1; Fo-C; CR: C 
C 


Rotate Left File Fa-Rn + 1; F7-C; C—R 
OP CODE BIT # FILE # Swap Halves File Fo_g*Fs7—R 


A , ee eas 
Bit No. field specifies 1 of 8 bit positions. Increment File Skip Zero =F + 1-—-R; Skip if zero result 


: oe : i Clear File 0-R Z 
Bit No. field specifies 1 of 32 file registers. sae Decrement File F-41-R Z 
Bit Set 1—Bit No., File No. — 

Bit Clear 0—Bit No., File No. — 

Bit Test Skip Set If Bit No., File No. testis true, — 

Bit Test Skip Clear then MIC + 2-MIC, else — 
MIC + 1—-MIC 
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Gl 
INSTRUMENT 


Programmable Interface Controller 


FEATURES 


@ User Microprogrammable 

® Intelligent Controller for Stand-Alone Applications 

= 32 8-Bit Registers 

@ 512x12-Bit ROM for Microprogram 

® Arithmetic Logic Unit 

m 2 Sets of 8 User Defined Peripheral Input/Output Lines 
B Real Time Clock Counter 

® Self contained Oscillator 

# Simple Interfacing to Microprocessor 


DESCRIPTION 


The PIC1650 MOS/LSI circuit array is a byte oriented micro- 
programmable controller designed to satisfy the requirements 
for a low-cost, stand-alone 8-bit micro-computer. The array is a 
complete chip controller with an internal customer-defined ROM 
microprogram specifying the overall functional characteristics 
and operational waveforms on each of the general purpose 
input/output lines. The array can be programmed to scan key- 
boards, drive multiplexed displays, control vending machines, 
control traffic lights, control printers and to control automatic 
gasoline pumps. Since it contains ROM, RAM, I/O as well as the 
central processing unit on one device, the PiC1650 is truly a 
complete 8-bit micro-computer on one chip. 


The PIC1650 is fabricated with N-Channel lon Implant technol- 
ogy resulting in a high performance product with proven re- 
liability and Production history. Only a single +5 volt power 
supply is required for operation, and an on-chip oscillator 
provides the operating clock with only an external R/C network 
to establish the frequency. Inputs and outputs are TTL compati- 
ble. The PIC1650 is supplied in a 28 dual-in-line package. 


BLOCK DIAGRAM 


W REGISTER 


; 


8 2 LEVEL 
USHDOWN STACK 


ARITHMETIC 
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TIC 
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Ai PROGRAM ROM 
512*12 


CLOCK 
GENERATOR 


PIN CONFIGURATION 


The Programmable Interface Controller family (P1C1640/1650 
and all extensions) is supported by an extensive software and 
hardware package. The software package includes Cross As- 
sembler/Simulator programs designed to run at both the large 
machine on time share and minicomputer system levels. The 
hardware package includes a TTL prototype emulator board with 
which the user can verify, in his actual system, the microprogram 
in PROM before committing it to mask tooling. For added flex- 
ibility, the board can also fit into the GIMINI developmental 
system such that the PIC microprogram can be stored in RAM 
and accessed as memory as part of the CP1600 microprocessor 
address space. Thus, on-line changes in code can be imple- 
mented without the inconvenience of reburning PROMs. 


REGISTER 
FILE 
(F8 to F31) 


1/O REG A (F5) 


INSTRUCTION 
DECODE 


& 
CONTROL 


1/O REG B (F6) 


1/O REG C (F7) 
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PIN FUNCTIONS 


Signal Function 


OSC (input) 


Oscillator input. This signal can be driven by an external oscillator if a precise 
frequency of operation is required or an external R/C network can be used to 


set the frequency of operation of the internal ¢lock generator. The maximum 


OSC frequency is 4 MHz. 


RTCC* (input) 


Real Time Clock Counter. Used by the microprogram to keep track of elapsed 


time between events. The maximum RTCC’ frequency is 1 MHz. 


RA0-7, RBO-7, RCO-7 
(input/output) 


ARCHITECTURAL DESCRIPTION 


The firmware architecture of the PIC 1650 controller is based ona 
register file concept with very simple, low level, microcommands 
designed to emphasize bit, byte, and register transfer operations. 
The primary purpose of the PIC is to perform logical processing, 
basic code conversions, formatting, and to generate fundamen- 
tal timing and control signals for I/O devices. The instruction set 
also supports computing functions as well as these control and 
interface functions. 


Internally, the PIC1650 is composed of three functional elements 
connected together by a single bidirectional bus: the Register 
File composed of 32 addressable 8-bit registers, an Arithmetic 
Logic Unit, and a Control ROM composed of 512 microcontrol 
words each 12 bits in width. 

The Register File is divided into two functional groups: opera- 
tional registers and general registers. The operational registers 
are addressed as FO to F7 (the first 8 of the total of 32 file 
registers) and include among others the Real Time Clock Coun- 
ter Register, the Status Register, the Micro Instruction Counter 


REGISTER FILE ARRANGEMENT 


User programmable input/output lines. These lines can be inputs and/or 
outputs and are under direct control of the microprogram. 


(MIC), and I/O Registers A, B and C (RA, RB and RC). The 
general registers are addressed as F8 to F31 and are used for data 
and control information under command of the micro- 
instructions. 


The Logic Unit contains one temporary working register (W 
Register) and gating to perform Boolean functions between data 
held in the working register and any file register. 


The Control ROM contains the operational program for the rest 
of the logic within the controller. Sequencing of a microinstruc- 
tions is controlled via the Micro Instruction Counter (MIC) which 
automatically increments to execute in-line programs. Program 
control operations can be performed by Bit Test and Skip in- 
structions, Jump instructions, or loading computed addresses 
into the MIC. In addition, an on-chip pushdown stack is employ- 
ed with the return address register (TIC) serving as the top 


~ element of the stack. This permits easy to use subroutine nesting. 


Application of the +5V power supply initializes the ROM micro- 
program to address 777s. 


FILE FUNCTION 
FO Not a physically implemented register. FO calls for the contents of the Instruction Modification 
Register (low order 5 bits) to be used to select a file register. 
F1 Real Time Clock Counter Register. This register can be loaded by the microprogram but will 
always read as 377,. 
F2 Micro Instruction Counter (MIC). 
F3 Status Word Register. 


t[s]s[s [arcs] 2 [pc | | 


RTCB: Cleared when Real Time Clock is loaded; set when clock count reaches zero. 


C: Stores the carry out on arithmetic operations, and acts as a bit link on rotate 
operations. 
DC: Stores the carry out of low.order digit on arithmetic operation. 
zZ: Set if the result of the arithmetic operations is zero. 
F4 Instruction Modification Register (IMR). Low order 5 bits only are used. The IMR is useful in 


generating effective file register addresses under program control. When accessed as a 
directly addressed file, the upper 3 bits read as a logic “1”. 


F5 I/O Register A (RA) 
F6 1/O Register B (RB) 
F7 I/O Register C (RC) 
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INSTRUCTION SET SUMMARY 


(The instruction execution time is 1 usec, except if a conditional test is true or if the MIC register is changed as a 
result of an instruction. In the two cases, the instruction execution time is 2 usec.) 


LITERAL and CONTROL BIT OPERATIONS 
(4) _(8) (4) (3) (5) 

OP CODE 8-BIT LITERAL OP CODE BIT # FILE # 
W Specifies working register STATUS Bit No. field specifies 1 of 8 bit positions. 
Load W Literal-W mes Bit No. field specifies 1 of 32 file registers. 
And W Literal “AND” W—W Z STATUS 
Orw Literal “OR” W—W Zz Bit Set 1—Bit No., File No. — 
Xor W Literal “EX OR” W-W Z Bit Clear 0O—Bit No., File No. _ 
Return & Load W Literal—-W & TICt—-MIC _ Bit Test Skip Set If Bit No., File No. testistrue, — 
Jump & Store MIC—TIC/& Literal—MIC — Bit Test Skip Clear then MIC + 2—MIC, else — 
Jump Literal—-MIC — MIC + 1—MIC 


Note: | and t mean push and pop the TIC stack, respectively. 


FILE OPERATIONS 
(6) (1) (5) 


OP CODE ES FILE # 


R field specifies result to be replaced in W or File No. File No. field 
specifies 1 of 32 file registers. 


And W “AND” File —-R Z 
OR W “OR” File -R Z 
XOR W “OR” File -R Z 
Add W + File -R C,DC,Z 
Move W W-R — 
Increment F F+1-—R Z 
Complement F F——R Zz 
Move File F—-R Z 
Subtract File F+W+1-R C,DC,Z 
Decrement File Skip Zero F-1—R; Skip if zero result — 
Rotate Right File F.-R,, = 1; F.C; C—R7 C 
Rotate Left File F,~R, + 1; F7-C; C—R, C 
Swap Halves File Fo-3*F4_-7—-R — 
Increment File Skip Zero F+1-R; Skip if zeroresult — 
Clear File 0-—R Z 
Decrement File F-1-R 5 a 
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cae De LP6000 LP1010 
LP8000 | P1030 LP 1000 


8-Bit Microprocessor System 


FEATURES 


2 Chip Minimum System (plus clock) 

48 Accessible 8 Bit Internal Registers 

48 Basic Instructions 

Binary and Decimal Arithmetic Capability 

Direct and Indirect Input Output Capability 
Automatic subroutine nesting on memory devices 
# Family of development devices 


DESCRIPTION 


The Series 8000:Logic Processor System is designed to perform 
any digital function using far fewer packages than a TTL or 
CMOS implementation. Typically a 100 package system can be 
reduced to a three chip solution of LP8000 Processor, LP6000 
Program Memory and LP1030 Clock Generator (two 40 lead DIP 
plus one 8 lead DIP). The consequent savings in development 
and production costs and increased reliability give the user 
many of the advantages of a customized LSt solution but without 
the restriction that it must be a high volume product. 


The System is fabricated with General Instrument’s P-channel 
Nitride Process which has a proven reliability and production 
history. All members of the Series 8000 family including Read 
Only Memories, General Purpose Input Output and Memory 
interace parts are fully compatible with each other. 


The LP8000 Logic Processor Unit itself isa complete 8-bit single 
chip MOS-LSI Microprocessor. It has a modern computer 
architecture with forty eight general purpose internal registers. 
This, coupled with a binary and decimal capability arithmetic 
unit, allows a versatile and sophisticated implementation of a 
microcomputer system. The 8-bit Data highway is supplemented 
by a 6-bit Address bus to give a 14-bit address capability which 
permits access to 16,384 words in combination of program 
memory, data memory or peripheral devices. The address space 
consists of 64 “modules” which can be either 256 words of 
memory or one 8-bit bidirectional I/O port. 


LOGIC PROCESSOR - LP (Part number LP8000) 


The logic processor (LP) is the heart of the Series 8000 system. It 
performs all of the arithmetic and logical functions required and 


COMPLETE MINIMUM SYSTEM 


LP1030 
SYSTEM 
CLOCK 
1024X8 
BIT ROM 


Words Program Memory 
8 Bit General Registers 
User Input Output Pins 
Deep Address Stack 
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also controls all activities occurring in the Series 8000 system. It 
has 488 bit working registers and an 8 bit input/output interface 
to which external peripherals may be attached directly. 


PROGRAM MEMORY - PM (Part number LP 6000) 

The program memory PM contains a 1K x 8 bit memory which 
stores the user's program. This chip also includes the program 
counter which points to the current address. It is arranged at the 
top of a four word hardware stack which is controlled by the LP 
for subroutine nesting. Two directly addressable 8 bit I/O inter- 
faces are included, so that a minimum system consisting of one 
LP and one PM has 24 I/O leads. Extra PMs can be connected to 
the main system bus, up to a maximum of 16K words. Each PM 
and !/O interface can be addressed by the LP, the module 
addresses being programmed at the same time as the customer's 
program. 


MEMORY INTERFACE CHIP - MIC (Part number LP 1000) 
The memory interface chip consists of an 11 bit program counter 
at the top of four word hardware stack. The address output are 
TTL compatible and enable any external 2Kx8 bit memory to be 
addressed. Other circuits allow the MIC to interface directly to 
the Series 8000 system without any external components. It is 
intended for use when breadboarding systems or when using 
non-standard memory, e.g. diode matrix, core, etc. 

The memory area can be extended by using several 
MIC/external memory combinations. The addresses are 
selected by hardwiring pins to Vgq Or Vcc. 


INPUT/OUTPUT BUFFER - IOB (Part number LP 1010) 
The input/output buffer consists of two addressable 8 bit |/O 
interfaces. The addresses are selected by hardwiring pins to Vgg 
or Voc: 

CLOCK GENERATOR - CG (Part Number LP1030) 

The Series 8000 needs only an 800KHz clock, a power-on-reset 


.signal to clear and synchronize the system and two power 


supplies. Virtually all external components may be eliminated by 
using the clock generator (CG). The frequency of the built in 
oscillator is determined by an external resistor or can be 
optionally over-ridden by an input from an external oscillator. A 
data synchronizing signal $4, is provided to act as an 
oscilloscope trigger and as a Data Valid signal for exteral 
hardware. 


MEMORY IMPLEMENTATION FOR DEVELOPMENT 
SYSTEMS 


LP1000 
MEMORY INTERFACE 


“LP1010 
INPUT OUTPUT BUFFER 


MEMORY PAGE 


2048X8 BIT WORDS 
ROM, RAM, PROM, CORE, ETC 
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PIN FUNCTIONS 


40 LEAD DUAL IN LINE 


Processor Signals LP6000 PROGRAM MEMORY 
DAB 1-8 Top View 
Bidirectional 8-lead precharged data bus, used in conjunction oe Biss ; tea a - 
. a ‘ ‘ eripnera us 
with address bus to implement 14-bit address word. Data Bus 2 C] 3 cipal Bus A3 
ADB 1-6 Data Bus 3 4 Peripheral Bus A4 
Push pull 6-lead address bus. This 6-bit word specifies the Date'Buss : Peripheral Bus AS 
i ; . fr Data Bus 5 Peripheral Bus A6 
Memory module’ address and the 8-bit data bus specifies the 1 of Data Dae? PURLHELALSUSAT 
256 ‘intra module address’. Data Bus 7 8 Peripheral Bus A8 
Data Bus 8 9 Peripheral Bus B1 
Processor Control Signals Not Used 10 Peripheral Bus B2 
Power on Reset 11 Peripheral Bus B3 
CIO Address Bus 1 12 Peripheral Bus B4 
; . : Address Bus 2 13 Peripheral Bus B85 
indicates direction of data flow on data bus. Address Bus 3 (] 14 Peripheral Bus B6 
CDA Address Bus 4 15 Peripheral Bus B7 
Indicates if data bus is carrying data or address information. Jicokpeaecans Mee Peripneral Bus'Bs 
Address Bus 6 Voi 
CQZ Clock Ved 
Used to select the Q counter or Z register for memory addressing. CDA CRA 
CRA (oj[@) Caz 
Used to control the internal address stack. 
8 LEAD DUAL IN LINE 
Peripheral Signals LP1030 CLOCK GENERATOR 
Top View 
PEB 1-8 
This is a bidirectional 8-bit latched input/output port with an Veco L{@! Reser outpys 
open drain output configuration. In the case of the LP8000 chip Diniog Anput 2 Sse UIE 
the 8-bit port is organised such that only bits 5-8/are bidirectional, Synchronizing Input L} 3 Giger One 
bits 1-4! are only available as inputs. For all other chips in the Reset Input L| 4 Vac 


family the peripheral interfaces are 8-bit all bidirectional. 
40 LEAD DUAL IN LINE 


Drive Requirements LP1010 INPUT/OUTPUT BUFFER 

CLOCK Top View 
Asingle phase high level clock is required by the system and this Voc os Peripheral Bus At 
would normally be provided by the LP1030 Clock Generator. The aa ne : ca ee = os 

ata Bus eriphera us 

clock frequency used can be selected between 500 and 800KHz. ere ee Peripheral Bus 4 
With an 800KHz clock the machine provides a 5uSec machine Data Bus4 (| 5 | Peripheral Bus A5 
cycle time. Data Bus 5 6 Peripheral Bus A6 
Data Bus 6 7 Peripheral Bus A7 
R ESET : ; ' Data Bus 7 8 Peripheral Bus A8 
This is a clock synchronized high level signal, normally provided Data Bus8 C] 9 Peripheral Bus B1 
by the LP1030 Clock Generator. Chip Select Cj 10 Peripheral Bus B2 
Power on Reset 11 Peripheral Bus B3 
POWER Address Bus 1 12 Peripheral Bus B4 
Vec +5 Volt su pply Address Bus 2 13 Peripheral Bus B5 
Address Bus 3 14 Peripheral Bus B6 
Von 0 Volt (GND) supply Address Bus 4 15 Peripheral Bus B7 
Voc —12 Volt su pply Address Bus 5 16 Peripheral Bus B8 


Address Bus 6 
Clock 

CDA 

clo 


s 
NI 


PAD 4 
Vac 

PAD 3 
PAD 2 


= 
fo) 


Sa 
So 


PIN CONFIGURATIONS 


40 LEAD DUAL IN LINE 
LP8000 LOGIC PROCESSOR 


Top View 


A pair of adjacent addresses is selected by PAD 4, PAD 3 and PAD 2 in 
the range 48 to 63, e.g. 011 selects peripheral addresses 54 and 55. 


40 LEAD DUAL IN LINE 
LP1000 MEMORY INTERFACE 
Vec Vel Top View 
Power on Reset Vee 
Clock CRA 
Not Used caQaz 
Not Used | CDA 
Data Bus 8 clo 
Data Bus 7 Not Used 
Data Bus 6 Not Used 
Data Bus 5 Not Used 
Data Bus 4 Not Used 
Data Bus 3 Not Used 
Data Bus 2 Not Used 
Data Bus 1 Not Used 
Peripheral Bus 8 Address Bus 6 
Peripheral Bus 7 Address Bus 5 
Peripheral Bus 6 Address Bus 4 
Peripheral Bus 5 Address Bus 3 
Peripheral Bux 4 Address Bus 2 
Peripheral Bus 3 Address Bus 1 
Peripheral Bus 2 Peripheral Bus 1 


— 


Vel 

Vac 

Address Bit 11 
Address Bit 10 
Address Bit 9 
Address Bit 8 
Address Bit 7 
Address Bit 6 
Address Bit 5 
Address Bit 4 
Address Bit 3 
Address Bit 2 
Address Bit 1 
Clock 

R/W 

Memory Enable 
MIC Enable 
CRA 

Caz 

CDA 


Vcc 

Data Bus 1 
Data Bus 2 
Data Bus 3 
Data Bus 4 
Data Bus 5 
Data Bus 6 
Data Bus 7. 
Data Bus8 
Power on Reset 
Address Bus 4 
Address Bus 2 
Address Bus 3 
Address Bus 4 
Address Bus 5 
Address Bus 6 
PAD 4 

PAD 5 

PAD 6 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings” “Exceeding these ratings could cause 
. permanent damage. Functional operation of 


All pins with respect toVe. ...... 0.284 —20V to +0.3V these devices at these conditions is not 
Storage Temperature ........... —55°C to +150°C : i : fi 
Sprains toner Ss By ihe Jae SE Se “eB ly Wis ed 0°C to +75°C ee eee iangessarespecitied 
Standard Conditions, (unless otherwise noted) 
Vcc = +5V +0.25V 
Voi = GND (substrate at Vcc) 
Voc = —12V +1V 
Characteristic Min } Max Units Conditions 
Clock Frequency 500 800 KHz — 
Machine Cycle Time 5 8 us bee 
Clock and Reset Input 
Logic ‘1’ Vec —-1.5 = Volts — 
Logic ‘0’ es -9.5 Volts = 
Data Bus 
input Conditions 
Logic ‘1’ Vec -1.5 _ Volts oo 
Logic ‘0’ — +0.8 Volts = 
Output Conditions 
Logic ‘1’ Vcc —1.0 —e Volts Capacitive load 
Logic ‘0’ = +0.4 Volts only, maximum 275pF 
Control & Address Bus 
Logic ‘0’ Vec -1.5 — Volts — 
Logic ‘1’ = +0.8 Volts _ 
Address Bus 
Logic ‘0’ Vcc —1.0 — Volts Capacitive load 
Logic ‘1’ — -7.0 Volts 200pF 
Peripheral Bus 
Logic ‘1’ Vec —1.5 = Volts ae 
Logic ‘0’ co +0.8 Volts = 
Output ON Current IOB 2 —~ mA Vds = 1 Volt 
Other Devices 1 ae mA Vds = 1 Volt 
Output OFF Current 
Ail Devices — 1 uA Vin — Vgg at 25°C 
Power Consumption LP 8000 _ 1000 mW — 
All other chips on 500 mw = 


TIMING DIAGRAMS 


4 
+5V NOMINAL sol i a 


“LOGIC I 


PS. 
cONPONENT ; 
— cites 1 On 
| DISCHARGES Aa BUS 


_- 
(a) INFORMATION FROM L.P. TO | CONDITION- | 
A.L.P.S. COMPONENT 


_ LPS. 4 
| COMPONENT | 
TION- 
(b) INFORMATION FROM A.L.RS. ALLY > 
COMPONENT TO L.P. J DISCHARGES 
| DATA BUS 
| | L.R READS | 
| INDATA ; 
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Load Accumulator from Register 
Store Accumulator in Register 
Decrement Register by one * 


.These instructions are used to manipulate the 
contents of the accumulator with one of the 
48 internal registers. They have a four bit 


iNTERNAL BCD Add Accumulator with Register * argument-and direct addressing is assumed 
REGISTER Binary Add Accumulator with Register for 0-11 but indirect for 12, 13, and 14. For 
INSTRUCTION Logical AND Accumulator with Register indirect addressing the register address is 
Exclusive OR Accumulator with Register held in S,T. Argument 12 gives register point- 
*The results of these operations are stored in ed to by S & T; 13 gives the same then S is 
the respective register. The result of all other decremented. 14 also addresses via S & T and 
operations is stored in the accumulator. then S is incremented. 

LSS Load S with Short (3-bit) Literal 

LST Load T with Short (3-bit) Literal 
REGISTERS SAT Store Accumulator in Register T Lower order bits (1-3) of accumulator are 

S&T copied in register T. 

SST Store Accumulator in Registers S & T Bits (1-3) of accumulator copied in register S, 


bits (4-6) copied in register T. 


Load Accumulator with 8-bit Literal 
Load Accumulator with 4-bit Literal 

Logical AND, Accumulator with 8-bit Literal 
Logical OR, Accumulator with 8-bit Literal 
Exclusive OR, Accumulator with 8-bit Literal 
Add Accumulator with 8-bit Literal 
Compare Accumulator with 8-bit Literal 
Load Accumulator Indirect Module X 

Load Accumulator Indirect Module Y 

Store Accumulator Indirect Module X 


EXTERNAL 
REFERENCE 
INSTRUCTIONS 


The lower six bits of the X and Y registers are - 
used to address 256-bit modules of data and 
program respectively. The 8-bit data bus is 
used to provide the .intra-module address. 
These three instructions respectively fetch or 
store data using the address in the register to 
specify the module. 


WOPhAMDNHNND ND — 


Used in normal register operation and also 
for setting up module addresses for program 
and data manipulation. 


Store Accumulator in Register X 

Store Accumulator in Register Y 

Load Accumulator from Register X 

Load Accumulator from Register Y 

Store Accumulator in Z Register Module X 
Store Accumulator in Z Register Module Y 
Store Accumulator in Q Counter Module X 
Store Accumulator in Q Counter Module Y 


Used to set Q Counter or Z register of re- 
‘quired module. 

The Y register points to the active program 
module, the X register points to an alternative 
module or a data space. 

These four instructions allow direct access to 
the internal registers which are masked by 
the operand code used for indirect address- 
ing i.e. 12, 13, 


SIMULATOR 
& ADDRESS 
CONTROL 
REGISTERS 


OWWWA+aaA8 


Store Accumulator in Register V 
Store Accumulator in Register W 
Load Accumulator in Register V 

Load Accumulator in Register W 


Clear Accumulator to Zeros 


a oe oe a 


LSA Shift Accumulator Left 1-bit Carry Flag set unconditionally 

RSA Shift Accumulator Right 1-bit Carry Flag cleared unconditionally 
SHIFT LSN | Shift Accumulator Left 4-bits 

RSN Shift Accumulator Right 4-bits 


Load Accumulator from Module Direct 
Store Accumulator in Module Direct 

Load Accumulator from Module Indirect 
Store Accumulator in Module Indirect 


INPUT/OUTPUT 
INSTRUCTIONS 


The indirect:1/O operations use the X register 
for module addressing. The SAX instruction 
.is used to set up the system for the indirect 
{mode. — 


Jump Unconditional 
Jump if all Zeros 


3 if true, 2 if false 


JUMP Jump if not all zeros 
WITHIN2K Jump if sign bit positive 
PAGE Jump if Register S not equal to Used to sequence through a ‘page’ of internal 


seven registers. 


Jump if carry bit set 
Jump if carry bit not set 


Program counter automatically stored in 
memory chip stack. 


SUBROUTINE 
INSTRUCTIONS 


Go to Subroutine 
Return from Subroutine 
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INTERNAL BLOCK DIAGRAM OF LP8000 CHIP 


INSTRUCTION 4 BIT 
REGISTER TEMPORARY STORE OUTPUT LATCH 


= fd 
| PERIPHERAL BUS 


BIDIRECTIONAL 
8 BIT DATA BUS 


1-4 INPUT ONLY 


cio 5-8 BIDIRECTIONAL 


CDA MICROPROGRAM 
ek CONTROL ROM WORKING REGISTER 


ARITHMETIC LOGIC 
FLAGS z UNIT WITH 
DECIMAL CORRECT 


48X8 BIT 
REGISTER STORE 


1 


Y 
ADDRESS 
BUS . BEG. 
P INTERNAL CLOCKS 
Voc | Vac | RESET 
Ver CLOCK 
LP1000 MEMORY INTERFACE CHIP LP1010 INPUT/OUTPUT BUFFER 
1 LP8000 SY BUS 
DAB, 
ADB 
6 
CHIP 
CONTROL DECODING ENABLE 
Vcc 
ADDRESS 
Vai Q COUNTER 8 LATCHES 8 LATCHES page 
11 BITS 
Vac RURTeee ARERRRE 
STACK 
CONTROL 
abe 16 INPUT OUTPUT PINS 
ADDRESS 
—_— TTL Compatible with Pull 
Down Resistors) 
POR 
CLOCK 
B REGISTER 
forte) : 
CDA 
caz “CONTROL ; 
DECODER 
we Z REGISTER 
CHIP 
ENABLE 


11 BIT MEMORY ADDRESS 


BRyw MEMORY 
ENABLE 
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DEVELOPMENT FAMILY 


A production system may consist of only a Logic Processor, 
LP8000, and ROM, LP6000, (plus Clock Generator, LP1030). 
However, the practical development family which complements 
the LP8000 allows the user to implement his hardware and 
software in a real time replacement mode for his final mask 
programmed product. LP1000 and LP1010 parts, plus PROM, can 
directly replace the LP6000 ROM. Indeed the development family 
may well be used as the complete solution for short run multi- 
variety systems. 


DEVELOPMENT SUPPORT 


Circuits 

LP 8000 systems use only a small number of integrated circuits 
for cost effective implementation. For development and pre- 
production LP 1000 (Memory Interface Circuit) and LP 1010 
(Input-Output Buffer) can be used with PROM, EAROM or RAM 
to replace the final mask-programmed ROM (see diagram). The 
system using PROM or EAROM behaves identically with the final 
mask-programmed ROM version. When the program has been 
proved, the LP1000, LP1010, and PROM/EAROM can all be 
replaced by LP 6000 to give the final low-cost system using 
perhaps as few as two 40 lead DIPs (LP 8000 + LP 6000), and one 
8 lead DIP (LP 1030). Small production runs, or systems needing 
extensive RAM memory can remain with LP 1000 and LP 1010. 


SERIES 8000 DEVELOPMENT SYSTEM/MODULES 


Prototype System 

To simplify hardware and software development and help speed 
the users product design cycle time, a complete hardware pro- 
totype development system is available to support the Series 
8000 family. The GIC 8000 Microcomputer System provides a test 
bed for user designed interfaces and related hardware as well as 
a program preparation facility with resident, on-line hardware 
and software debug aids. The users program can be tested and 
modified under real time operating conditions. To make program 
development fast and efficient, peripheral interfaces and their 
related software including TTY high speed reader, high speed 
punch and serial line printer are included on the prototype 
system. In addition, all of the card level modules of this system, 
ranging from complete microcomputers to memory or !/O mod- 
ules, are available on an OEM basis for further system 
integration. 


Software | 

For pure program development to check the flow of instructions, 
a complete assembler and simulator written in FORTRAN IV is 
available for operation on minicomputer systems or on internal 
or external time share networks. 


Manual 

A manual describing complete hardware aspects of Series 8000, 
and details of the program preparation software is available from 
all General Instrument Microelectronics Sales Offices, Agencies, 
and Distributors. 


MC8000 1/08000 RM8000 PMs000 GP8000 EX8000 


GENERAL 

PURPOSE EXTENDER 
/O 1 CARD 

MODULE 


MICRO INPUT RAM PROM 
COMPUTER OUTPUT MEMORY MEMORY 
MODULE MODULE MODULE MODULE 
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GENERAL 


INSTRUMENT 


RA-3-4256 
RA-3-4256A 
RA-3-4256B 

RA-3-4200 

RA-3-4402 


GENERAL RA-3-4256 
RA-3-4256A 
INSTRUMENT R A-3-4256B 


1024 Bit Static Random Access Memories 


FEATURES 

gw 256 x 4 Organization PIN CONFIGURATIONS 

@ Single +5 Volt Supply 24 LEAD DUAL IN LINE 

@ True TTL Compatability RA-3-4256/RA-3-4256A 

ws Static Operation—no clocks required Top View 

m 500ns Access Time: RA-3-4256 V Substrate Cet + pata Out 1 
@ 650ns Access Time: RA-3-4256A, RA-3-4256B } Data Out 4 
s Separate Data Input and Output Lines ri Data in 4 
@ Low Power Veg (+5V) 
# Three State Outputs—under control of Chip Select signals 

= Power Down State: RA-3-4256, RA-3-4256A 

@ Zener Protected Inputs 


DESCRIPTION - Data in3 


The General Instrument RA-3-4256, RA-3-4256A and ‘Data Out 20 r} Data Out 3 
RA-3-4256B are 1024 bit, high-speed static random access mem- 
ories organized as 256 4-bit words. Low voltage N-channel ion 
implant technology results in true TTL compatibility from a 
single 5 volt supply, and static operation. These devices are 


extremely useful in small read-write memory systems for termi- 22 LEAD DUAL IN LINE 

nals, peripherals, microcomputers, and a wide variety of portable RA-3-4256B Top View 

equipment. 

The RA-3-4256 and RA-3-4256A can also utilize a back bias V Substrate [| @1 22 [J Data Out 2 
substrate and split supply for applications where a low standby ‘Data Out 3 UJ 21 {|} Data in 2 
power drain is required. These devices may be switched to Data in 3] 


the power down state under system control with no danger of 
memory storage errors. 

The RA-3-4256B’s 22-pin package, which has a 0.4” width, per- 
mits tight packing density on printing circuit cards. 


RA-3-4256 | RA-3-4256A/RA-3-4256B 


Veo (+5V) 


Package * 24-pin 
Data In4( 10 13 [LJ Data in 1 
No. of Chip Select Inputs 2 
Data O 
Power Down Capability Yes pee Ques ey) 12 eee ub 


Max Access Time 500ns 


BLOCK DIAGRAM 


ie minke —0Vpp:(RA-3-4256/4256A only) 


DATA IN 4 Py 1 Pre oo eee as On x16 ul ROW er rR wu 
: ou Bar wei] oe OLANE, >| au ERS 
DATA OUT 4 a oi 


COLUMN 
DECODER DECODER 
——oVsyp 


isso . 
DATA IN 3 INPUT 16 x Is, ait 16 X 16 BIT input [DATA IN 2 
: output [> | SesooER memory [| ouTpur[ 

ae ours ces MOLANE. PLANE a Fe tae ae ue 


Vpp SUPPLIES POWER TO MEMORY 
PLANES. 


FOR 
RA-3-4256 


+ Y © O O O O 
3. Voce SUPPLIES POWER TO ALL OTHER a 
RA-3-4256A | Voc SURELIES /\ JX LS\ Lv “A 


i & |(RA-3-4256/4256A only) 
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POWER DOWN OPERATION 


The RA-3-4256 and RA-3-4256A bring out, to separate pins, the 
circuit Substrate, the memory plane supply (Vpn) and the pe- 
ripheral circuit’s power supply (Vcc). These three connections, 
plus the Power Down input, allow extremely flexible control of 
the memory during standby and/or reduced voltage and power 
dissipation operation. 

In a static memory the memory cell is a flip flop and, in order to 
retain information, one side of the flip flop must be on continu- 
ously. Thus the static memory power dissipation is higher than 
for a dynamic memory and techniques for reducing this dissipa- 
tion when the device is in the standby condition become attrac- 
tive for the system user. 


The power down pin (PD pin 15) isolates the memory from the 
address decoders, so that incorrect data cannot be written into 
the memory when Vcc is not within its specified limits. Even if Vpp 
is maintained by a battery, if Vcc falls in a manner such that the 
R/W circuitry considers itself to be in a write mode for a short 
interval of time, then false data will be written into the memory. To 
prevent this from happening, PD is driven low by a signal (Power 
Down In) that senses Vcc is going below its allowable range; this 
is usually done by monitoring the power supply’s AC input 
voltage. Fig. 1 shows the timing required before Vcc falls, to 
preserve a memory with a battery backup on Vpp. 


To prevent miswriting a data word, the fall of the PD signal must 
not intersect the R/W pulse. Otherwise, the write operation may 
not be complete at a given address when PD falls. The fall of PD 


4.75V 


PDA | 
Ae 
lOOns MIN 


Fig.la POWER DOWN TIMING 


RA-3-4256 = RA-3-4256A # RA-3-4256B [=] 


during the R/W pulse would prevent that address (and all others) 
from having access to the memory section of the device. The 
external gating in Fig. 1b disallows PD from falling during a write 
operation. 


Battery backup for Vpp can be accomplished as shown in Fig. 2. 
The germanium power transistor (2N3612) is used here as a 
power diode. For a card with 10 RA-3-4256’s, Vpp would draw a 
maximum current of 500 mA. The 2N3612 would have a maximum 
collector emmiter voltage drop of .25 v dc at 500 mA base current. 
During normal operation, if Vcc varied from 4.75 to 5.25 volts, Vpp 
would vary from 4.5 to 5.00 voits, which is within the operating 
specification. In the power down mode, Vpp would be supplied by 
the 5v standby battery. The battery voltge could fall from 5v to 
4.5v (which would be from 4.25V to 3.75V for Vpp because of the 
silicon diode) and still keep the memory alive. 


Once the memory is powered down so that the total supply 
current is reduced by a factor of 2 (since Vcc = 0 and is not 
drawing any current), lbp can be reduced in half by placing —5 
volts on Vss — pin 1. This back-biases the substrate which 
reduces the current drawn ineach flip-flop in the memory during 
this memory hold state. The —5 volts on Vss can only be used to 
retain the information in the memory and must be removed (Vss = 
0) before writing into or reading from the memory. 


Thus, using the power down mode and placing —5 volts on the 
substrate, total power dissipated would be reduced 75%, froma 
maximum of 500mW (5v X 100 mA) to 125 mW (5v X 25 mA). 


POWER DOWN IN 


TO PO 
(TO PIN 15) 


(TO PIN 9) 


Fig.1b POWER DOWN GATING 


[TRICKLE CHARGE | SILICON 
(.75V) 2n3612 


Fig.2 BATTERY STANDBY SCHEMATIC 
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GI RA-3-4256 = RA-3-4256A = RA-3-4256B 
ELECTRICAL CHARACTERISTICS 


Maximum Ratings “Exceeding these ratings could cause 


Storage Temperature ...........c ccc cece eee e seen -65°C to +150°C these devices at these conditions is not 
Operating Temperature ........... cc cee cece cece ene ees 0°C to +70°C implied—operating ranges are specified 
below. 


Standard Conditions (unless otherwise noted) 


Vcc = +5V +5% (Vcc is the peripheral circuitry supply for the RA-3-4256/4256A 
and the power supply for RA-3-4256B.) 

Vpp = +5V +10% (Vopp is the memory call supply for the RA-3-4256/4256A.) 
Vsubstrate _ GND 

Operating Temperature (Ta) = 0°C to +70°C 

Output Loading: One TTL Load, Crtorat = 100pF 


Characteristic | Sym | Min | Typ** | Max | Units | Conditions 


DC CHARACTERISTICS 


Input load current (all inputs) ~ Vin=0V to 5.25V 


Output leakage current Vout=4.0V 
Output leakage current Vout=0.4V 
Input low voltage 
Input high voltage : 
Output low voltage loc=1.6mMA 
Output high voltage lon=100 uA 
Input capacitance (all inputs) f=1 MHz 
Output ‘capacitance (all 
outputs) f=1 MHz 
Total Power Supply Current RA-3-4256, RA-3-4256A 
Power Supply Current RA-3-4256, RA-3-4256A 
Power Supply Current RA-3-4256, RA-3-4256A 
Power Supply Current RA-3-4256B 
AC CHARACTERISTICS 
Access Time RA-3-4256 Tacc 
Cycle Time RA-3-4256 Tcyce 
Access Time RA-3-4256A Tacc See Timing Diagrams 
Cycle Time RA-3-4256A Tcycie 
Access Time RA-3-4256B Tacc 
Cycle Time RA-3-4256B TcycLe 
POWER DOWN DC CHARACTERISTICS (RA-3-4256 & RA-3-4256A ONLY): 
Power Down Sink Current lpp — — 100 pA Vpp=0.4V 
Memory hold voltage Vpp 3.75 — 7.0 V Vcc=0 
Substrate Power Supply Vss =5 _ 0 V —5V in Power Down Mode only 
Substrate Power Supply 
Current Iss = 20 100 pA Vss=—5V,Vcc=0 


**Typical values are at +25°C and nominal voltages. 


TIMING DIAGRAMS 


SEN 
ADDRESS 7 
INPUTS 


~—eeeN 


ADORESS \ 


INPUTS 


cs 


t, 250ns MIN 


R/w 


OATA 
INPUTS 


READ ACCESS WRITE CYCLE 
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RA-3-4256 ® RA-3-4256A ® RA-3-4256B [=] 
TYPICAL CHARACTERISTIC CURVES 


psdarease CP pe fede 
Voc ® +5¥ 
Ml a 
pene aaae 
f_| 


Eve OD Ch 
Fe ee DO 
fe) ! 2 3 4 
Vo. (VOLTS) Von (VOLTS) Vsg5 (VOLTS) 


TYPICAL OUTPUT SINK CURRENT TYPICAL OUTPUT SOURCE CURRENT TYPICAL Ipp VS. Vss 
VS. OUTPUT VOLTAGE VS. OUTPUT VOLTAGE (for memory hold during power down) 


Vop* 4 
aS REee MO ae eer ee 
vin ey 


SS ITTDDL) Cee Tees 
Neo? 4.75V ( ) 
ema | a | eee 


Toc (RA-3-4256A) 


[Test ee ra Or en, ain a 
SEPT) pode eecemereer 


100 


tacc (ns) 


SPECIFIED 
CAPACITIVE C (pF) 
LOADING 


TYPICAL POWER SUPPLY CURRENT = +... (Typical) VS. CAPACITIVE LOADING Tacc VS. TEMPERATURE 
VS. TEMPERATURE 
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RA-3-4200 


4096 Bit Static Random Access Memory 


FEATURES 


4096x1 Organization 

Static Memory-no refresh required 

TTL Compatible Inputs (except CS) 

TTL Compatible Output 

Wire-Or’able Output-under control of a ‘Chip Select’ input 

High Speed: 215ns access time, 400ns cycle time 

Low Power: typically 450mW operating, 35mW standby 

Pin and Voltage Compatible with Popular 22 pin 4K 
~Dynamic RAMs 


DESCRIPTION 


The General Instrument RA-3-4200 is a 4096 bit static Random 
Access Memory ideally suited for memory system applications 
where there is an advantage in utilizing a static memory without 
sacrificing the high speeds that current dynamic memories offer. 
The RA-3-4200 is fabricated in Gl’s advanced GIANT I! N-chan- 
nel lon Implant process and features a fully static memory ceil to 
eliminate the need for any refresh or charge-pump circuitry and 
TTL compatibility except for a+12Volt Chip Select which dynam- 
ically accesses the memory. 


The RA-3-4200 is a direct replacement in pin connection and 
operation for the EM&M/SEMI 4200. 


BLOCK DIAGRAM 


Ao 


P 
ADDRESS 
BUFFERS 


x 
ROW 
DECODER 


As 


R/w 
DI 
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MEMORY 
MATRIX 


PRE SENSE 


Y 
COLUMN 
DECODER 


PIN CONFIGURATION 
22 LEAD DUAL IN LINE 


Top View 


Vsx (-5V) CJ @1 


Var (tsV)O 


$$ v0(+ 12) 


—— OND 
————_————————————._ VSX(-5V) 
Var (+5V) 


OPERATION 


The 4096 static bits of memory are organized in an array of 64 
rows by 64 columns. The memory cells are loaded or interrogated 
by simultaneously decoding the X address Ay through A, for the 
rows (see Block Diagram) and the Y address Ag through A,, for 
the columns. Each column contains a presense amplifier, the 
outputs of which are “OR-ed” and connected to the output TTL 
buffer. Each bit or memory cell is astandard flip flop consisting of 
R,, Ro, Q2D and Q4D with two access devices Q1Dand Q3D (See 
Figure 1). The load resistors R; and R, are 60 megohms typical 
and connect to the V,, supply. Q1D and Q3D are used to connect 
the cell to the sense lines whenever the X access line is high. In 
the read mode the cell pulls one of the sense lines low from its 
normally high state. The selected presense circuit detects the 
differential voltage on the sense lines and amplifies it. In the write 
mode one sense line is forced low by the presense circuit and the 
selected cell assumes the state of the sense lines. 


X ACCESS 


Cs 


SENSE LINE A 


SENSE LINE B 


Fig.1 MEMORY CELL 


Battery Operation/Power Failure Data Retention 


The memory cells (because they are cross coupled high 
impedance static cells) will retain data down to Vpp = 4V. 


Input Circuits — R/W Select, Data In and Address Input 


The input signal is latched by Chip Select and can change after 
the specified hold time. The inputs can be driven from standard 
TTL open collector outputs with pull-up resistors. The input does 
not put any DC loading on the TTL driver. 


Read/Write Mode Select 
To WRITE, the R/W Input should be high prior to Chip Select. To 


12V 


Fig.2 TYPICAL CHIP SELECT DRIVER 


Chip Select 


The Chip Select controls the operation of the memory. When the 
Chip Select input is high the input address buffers, decoders, 
sensing Circuits and output stages are held in the “off” state and 
power is supplied only to the memory elements. When the Chip 
Select input is pulled low, the memory is enabled. The Chip 
Select negative going edge clocks the TTL logiclevel addresses, 
R/W, and data input into “D” type flip flops, and enables the 
output stage. 


Data Output 

While Chip Select is high, the output is high impedance to allow 
“wire-or’ connections. When Chip Select goes low, the output 
data will be presented within the specified access time, and will 
remain until Chip Select goes high again. The output data signal 
is specified to drive any TTL series with good noise immunity ata 
fan-out of 1. Output data is inverted with respect to the input data. 


1.3K 
a) OUTPUT 
UNDER 
He TEST 
seca 
IN3064 
! DIODES 
! 
t 


CS = 
4200 
“Capacitive loading to simulate effect of 


seven additional outputs plus one TTL input. 


Fig.3 OUTPUT TEST LOAD 


READ, the R/W Input should be low prior to Chip Select. When 
Chip Select goes low, R/W is latched into a register. 


Data In 


During a WRITE cycle the Data In (either high or low) should be 
stable prior to Chip Select. When Chip Select goes low, R/W is 
latched into a register. 


Address 


Addresses should be stable prior to Chip Select. When Chip 
Select goes low all addresses are latched into an Address 
Register. 
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RA-3-4200 
ABSOLUTE MAXIMUM RATINGS (See Note 1) (Referenced to GND) 


[Rating «dt Smale 


Vpp -~5 to+15 
+.5 to +7 
Vsx +.5 to—-7 
Input & Output Voltages 
Vdc 
W 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields, however, itis 
advised that normal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages to this high 
impedance circuit. ; 
NOTE 1: Permanent device damage may occur if ABSOLUTE 
MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended or maximum 
voltages for extended periods of time could affect device 
reliability. 

NOTE 2: At 25°C ambient Derate 13.5m W/°C. 


Supply Voltages 


Ves 
[Power Dissipation | Pp | 1.6 (Note2)_ 
C 
[Storage Temperature Range «| _— | -68to+60 | -C | 


RECOMMENDED OPERATING CONDITIONS Tama = 0°C to 70°C 
Parameter 


Supply Voltage 
Output Reference Voltage 


Characteristics | Sym | 


| Min | | Conditions | 
Input Current re ae 

bei ata 

foe 


| Typ | Max | Unit __| 
Vin=0.V or 5.0V 
ee 


MA 
Output “Low” Voltage 03 | 05 | 
|_Output“High"Voltage | Vow =| 27 | 85 er | Vde 
| OutputCurrent(Unselected) | to | OO | 50 WA Vt =2.7V, Ves H12V 
Supply Current (Selected and Pea lea 
Averaged over one cycle) mA Vpp+12V 
[_ Gsw=2isnsec —CSC—“‘~‘rTSC‘izd;STSCdSC;C;CdSC(‘S(eC*rOC*”? 
| TC=400nsec xen 
| _ForOtherConditions,SeeFig3 | | | a ee 
| Supply Current (Unselected) Tawe=+25°C| toou | — | 2 | 
| __ Supply Current (Unselected) Tawe=+70°C| Ioou | — | 45 | 18 | mA] Vr =t5V 
—Substiote Curent —___1_tx__{_=__}_ 22 {8 {ma | wno8¥ 
| _ReferenceSupplyCurrent | ster =| 3S S| S50 | 100 |p 
Standby Current at Reduced Voltages 
Tamp=+25°C Vcs=4V to 15V 
Vpop= 4V 
Standby Current at Reduced Voltages Vsx =—-5V+10% 
Tams=+70°C 


[Characteristics ———=«|=iSym_— 
Chip Select Write Pulse Wiath | Tew] etn 
Ta 
Tpr 


Input Capacitance (Except Chip Select) 


Input Capacitance Chip Select Ccs 
Ouptut Capacitance Co Vo=2v 


Vcs=12V 
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RA-3-4200 [=} 


TIMING DIAGRAMS 


DATA 


= 3V 
STABLE DON'T CARE 
8Vv 8V DATA STABLE 


3V 3v 
DATA 
gy STABLE DON'T CARE 


i 
3 
DON'T CARE 


Vv 
V 
Vv 


8 


TH 


DATA 
INVALID 


READ CYCLE WRITE CYCLE 


TYPICAL CHARACTERISTIC CURVE 


OPERATING Ipp AS A FUNCTION OF CYCLE TIME 


Tesr = Tosw = 215 NS 


ene 
es ee Neate 
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1.0 


Tcosr = Tesw = §00 NS 
Vop, = 12V 


Ee Tcsr = Tesw = 1000 NS Vsx = -5V 
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IN 
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OPERATING I|pp AS A FUNCTION OF CYCLE TIME 
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| RA-3-4402 


4096 Bit Static Random Access Memory 


FEATURES 


PIN CONFIGURTION 
22 LEAD DUAL IN LINE 


w 4096x1 Organization 

a ‘Static Memory-no refresh required 

= TTL Compatible Inputs (except CS) 

® Differential Output-two complementary Data Output signals 
are provided. Top View 

@ Wire-Or’able Outputs-under control of a ‘Chip Select’ input. 

® High Speed: 200ns access time, 350ns cycle time. 

m Low Power: typically 400mW 


Vsx(-5V) CZ] @1 


DESCRIPTION 


The General Instrument RA-3-4402 is a 4,096 bit static Random 
Access Memory ideally suited for memory system applications 
where there is an advantage in utilizing a static memory without 
sacrificing the high speeds that current dynamic memories offer. 
The RA-3-4402 is fabricated in Gl’s advanced GIANT II N-chan- 
nel lon Implant process and features a fully static memory cell to 
eliminate the need for any refresh or charge-pump circuitry and 
TTL compatibility except for a+12Volt Chip Select which dynam- 
ically accesses the memory. 


The RA-3-4402 is a direct replacement in pin connection and 
operation for the EM&M/SEMI 4402. 


BLOCK DIAGRAM | 


ADDRESS ROW MEMORY 
BUFFERS DECODER MATRIX 
MODE 


COLUMN 
DECODER 
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OPERATION 


The 4096 static bits of memory are organized in an array of 64 
rows by 64 columns. The memory cells are loaded or interrogated 
by simultaneously decoding the X address AO through A5 for the 
rows (see Block Diagram) and the Y address Aé through A11 for 
the columns. Each column contains a presense amplifier, the 
Outputs of which.are “OR-ed” and connected to the output stage. 
Each bit or memory cell is a standard flip flop consisting of R1, R2 
Q2D, and Q4D with two access devices Q1D and Q3D (See Figure 
1). The load resistors R1 and R2 are 60 megohms typical and 
connect to the Vpp supply. Q1D and Q3D are used to connect the 
cell to the sense lines whenever the X access line is high. In the 
read mode the cell will pull one of the sense lines low from its 
normally high state. The selected presense circuit will detect the 
differential voltage on the sense lines and amplify it. In the write 
mode one sense line is forced low by the presense circuit and the 
selected cell assumes the state of the sense lines. 


X ACCESS 


SENSE LINE 8 


SENSE LINE A 


Fig.1 MEMORY CELL 


Chip Select 

The chip select controls the operation of the memory. When the 
chip select is low the input address buffers, decoders, sensing 
circuits and output stages are held in the “off” state and power is 
supplied only to the memory elements. When the Chip Select 
goes high the memory is enabled. The Chip Select pulse clocks 
the TTL logic level addresses, RM, and data input into “D” type 
flip flops and enables the output stage. 


RA-3-4402 [=] 


Data Output 

One of the two outputs will source current (DO for data originally 
input at Vin, DO for data originally input as Vir). With the output 
load as shown in Figure 2, the voltage at the output sourcing 
current (Von) will approach a value between 0.35V and 2V (typ- 
ically 1V) above ground. The voltage at the other output (Vo) will 
be below 100 mV. A differential amplifier is used to detect the 
polarity of the signal. A differential output of 25mV (Vout) or more 
is considered a valid output. 


DO Vout DO 


Fig.2 OUTPUT LOAD 


Battery Operation/Power Failure Data Retention 

The memory cells (because they are cross coupled high imped- 
ance static cells) will retain data down to Vpp = 4V. At Vpp = 4V, 
the typical power dissipated is 1pw/bit. 


Input Circuits — R/W Select, Data In and Address Input 

The input signal is latched by Chip Select and can change after 
Chip Select is high. The inputs can be driven from standard TTL 
open collector outputs with pull-up resistors. The input does not 
put any DC loading on the TTL driver. 


Read/Write Mode Select 

To WRITE, the R/W Input should be HIGH prior to Chip Select. 
To READ, the R/W Input should be LOW prior to Chip Select. 
When Chip Select is high, R/W is latched into a register. 


Data In 

During a WRITE cycle the Data In (either HIGH or LOW) should 
be stable prior to Chip Select. When Chip Selectis high, Data In is 
latched into a register. 


Address 
Addresses should be stable prior to Chip Select. When Chip 
Select is HIGH all addresses are latched into an Address 
Register. 
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[a] RA-3-4402 


ABSOLUTE MAXIMUM RATINGS (See Note 1) (Referenced to GND) 
Rating 


Supply Voltages 


Input & Output Voltages (except Chip Select) 


Chip Select Input Voltage 
Power Dissipation 

Operating Ambient Temperature Range 
Storage Temperature Range 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields: however, itis 
advised that normal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages to this high 
impedance circuit. 

Note 1: Permanent device damage may occur if ABSOLUTE 
MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to RECOMMEND OPERATING CONDI- 


TIONS. Exposure to higher than recommended or maximum 
0 to +70 voltages for extended periods of time could affect device 


Note 2: At +25°C ambient, Derate 13.5m W/°C. 


reliability. 


Input Current (except Chip Select) Vin = 5.0V (Ves = Ven) 
Vir = 0.5V (Ves = Ven) 


Unselected Input Current (Vcs = Vc.) V = 2.4V 
Chip Select High Input Current, DC (Vcs = 12V) 
Chip Select High Input Current, (Pulse Peak) 
Vecs=12V Tcer= 25ns 
Chip Select Low Input Current (Vcs = 1V) ; 
Supply Current, (Tams = 25°C, Vpn, Vsx | Unselected 
= nominal; all VI = max Vi: DO, DO (Chip Select = 0 V) 
terminated as shown in Figure 2) 


Selected 
Chip Select = 12V, 
50% duty cycle 
Vop = 4V, Vsx = 3V, Vcs = OV 70° 
Substrate Current at Reduced Voltage 25°C Vcs=0 
VSX=-3 


Output Low Voltage Terminated per|Figure 2 Tcsw = 1usec 
Output High Voltage Terminated per Figure 2 Tcsw = 1usec 
Output Disabled Current Vc. = OV, Von = 2V 


oh 


Characteristics 

Chip Select Read Pulse Width 
Chip Select Read Recovery Time 
Chip Select Write Pulse Width 
Chip Select Write Recovery Time 
Chip Select Rise Time 

Chip Select Fall Time 
Set Up Time 
Hold Time (Address and Data) 


Q 
x 


Access Time (Tcr= 10ns) 
| Cycle Time (Read or Write, Tcr= 10ns, Tcr=10ns 
Data Recovery 


Characteristics 


Input Capacitance (except Chip Select) 
Vi=2.4V, Ves= 12V 
Chip Select Input Capacitance 
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Characteristics 
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RA-3-4402 [a} 


TIMING DIAGRAMS 


DATA STABLE OON'T CARE 
(] DATA STABLE J 
Al 3.0 
: 
7 


READ CYCLE WRITE CYCLE 


€ 


output Loao POLARITY Vog IS POSITIVE 


AS SHOWN IN FIGURE 2 
FOR DATA ORIGINALLY INPUT AS 
DATA VALID 


TYPICAL CHARACTERISTIC CURVES 


CONDITIONS 


ALL INPUTS LOW 
ALL INPUTS COW CHIP SELECT = 0 VOLTS 
CHIP SELECT = 0 VOLTS SUBSTRATE VOLTAGE = -5 VOLTS 


TEMPERATURE = 25°C 
Y 
f/ 


f 
ws 
P| bs tM | 


NORMALIZED 10D 
NORMALIZED IDD 


lop VS. Vpop AT VARIABLE Vs x Ipp VS. Vop AT VARIABLE TEMPERATURE 
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GENERAL 


INSTRUMENT 


ER1105 
ER1400 
ER2050 
ER2401 
ER2800 
ER3400 


E ERAL 
INSTAUMENT 


1024 Bit Electrically Alterable Read Only Memory 


FEATURES 


@ 256 x 4 Organization PIN CONFIGURATION 


# /5-Bit Binary Column Address 24 LEAD DUAL IN LINE 

a One of 8 Line Row Address 

@ Electrically Erasable by Row 

w Electrically Reprogrammable 
.@ 10 ms/4-Bit Word Write Time 


w 2 us Access Time Top View 
= Minimum Data Retention: 200x10° Veg (+12V) Clot Data 1/0 4 
Read Accesses/Word between Refresh ‘Data '/o1C Data 1/03 
® Chip Select Input Data 1/0 2 Write 
u Unpowered Nonvolatile Data Storage—10 Years Clock 2(3) 
; Clock 1 (1) 
Voo (-12V R5 
DESCRIPTION ee ted 
R2 R7 
The ER1105 is a 256-word by 4-bit, electrically erasable and R3 R8 
reprogrammable ROM that takes advantage of the unique pro- R4 A4 
~ perties of P-channel MNOS technology. Data is written into the AO A3 
device by tunneling a charge into the oxide-nitride interface at Al A2 


the gate insulator of MNOS memory transistors. This is accom- 
plished by applying a -24 V , 10 ms row input pulse. The resulting 
charge trapped in the gate insulator causes a change in the 
threshold voltage of the memory transistors that|is sensed 
during subsequent readout. Data is erased by applying a +30V, 
100ms pulse to the row inputs. There are 8 blocks of 32 wordsx4 
bits, each block being separately alterablie. 


BLOCK DIAGRAM 


ROW ADORESS 
INPUT 


Output 
ieee ‘ 256 MNOS Storage Cells 
i Output 
256 MNOS Storage Celts Driver Ff 
Data 


In/Out 
4 Bits 


Output 
256 MNOS Storage Cells 


Output 
256 MNOS Storage Cells Driver 


1 of 32 
Selected 


Column Address 
Decode Circuits 


Column Address 
Binary Input 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Supply voitage (Vpp) relative to.\Vss| 2... ....2022. +0.3 to -30V 
Input voltage (except row input) relative toVss . . . . . +0.3V to -30V 
Row input voltage relative toVss ..........02.. +35V to -35V 
Operating ambient temperature. .......2... ~25°C to +70°C 
Storage temperature. .............. -65°C to +150°C 
Soldering temperature of leads (10 seconds). ........ +300° C 
Thermal resistance chiptoambient........... 80° C/Watt 
Power dissipation ................. 2.004 500 mW 


Standard Conditions (unless otherwise noted) 


NOTE: This data sheet assumes negative logic. 


Vss = +12V+5% 
Vpp = -12V+5% 
Operating Temperature (Ta) = -25°.C to +70°C 


Characteristic 


DC CHARACTERISTICS 
Input leakage current (all 
Inputs except row inputs) 


Row input leakage current 


Input load current (all Inputs 
except row inputs) 


Vpp power supply current 


¢:/¢; input high voltage 

¢:/d¢; input low voltage 

Read Cycle 

Column address and chip select 
input high voltage 

Column address and chip select 
input low voltage 

Row input high voltage 

Row input low voltage 

Data output high voltage 

Data output low voltage 

Erase Cycle , 

Row input high erase voltage 

Write Cycle 

Coi. add., CS, and write 
input high voltage 

Col. add., CS, and write 
input low voltage 

Row input high write voltage 

Row input low write voltage 

Data in high voltage 

Data in low voltage 


| Sembot | in | tye | Mer | Unie | 


Vss—1.5 


Vpp 
Vss—1.5 
Vss— 13.0 
Vss—1.0 
Vop 


Vsst+28 


Vss—1.5 


Vpp 
Vss—1.5 
Vss—26 
Vss—1.5 

Vop 


**Typical values are at +25°C and nominal voltages. 


ER1105 [=} 


“Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specifed 
below. 


Conditions 


‘at Vin=-15V, all other pins 
grounded, Ta=+25°C 

at Vin=+30V, all other pins 
grounded, Ta=+25°C 


at Vin=-27V, all other pins 
grounded, Ta=+25°C 

at Vpp relative to 

Vss=-24V ,Ta=t+25°'C 

Vsst+0.3 

Vss—22 


Vsst0.3 


Vss—9.0 
Vsst+0.3 
Vss—10.0 
Vss—0.5 Rioap=6.8K returned to Vpp 
oe NY Rioap=6.8K returned to Vpp 


Vsst32 


Vsst0.3 


Vss—9.0 
Vsst0.3 
Vss-—22 
Vsst0.3 
Vss——-22 


<<<<< < 
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ELECTRICAL CHARACTERISTICS 


Data In/Out capacitance 


240 


Characteristic 


AC CHARACTERISTICS 

Read Cycle 

Access time 

Cycle time 

¢: pulse width 

dé; pulse width 

Column address change to row 
input rise delay 

¢: fall to row input rise delay 

Row input rise to ¢; rise delay 

¢; rise to data output delay 

Row input fall to ¢: rise delay 

¢; fall to ¢: rise delay 

Row input fall to column 
address and/or CS change 
delav 

$1, chip select, and column 
address overlap 

¢; and row input overlap 

Row input pulse rise time 

Number of read accesses/word 
subsequent to data being 
written 

Erase Cycle 

Row input erase pulse width 

Write Cycle 

¢:1 pulse width 

Row input write pulse width 

¢: fall to row input write 
pulse rise delay 

Column address change to row 
input write pulse rise delay — 

Data input change to row input 
write pulse rise delay 

Row input write pulse fall to 
oi rise delay 

di and write input overlap 

Number of times word may 
be rewritten 

Capacitance 

Row input capacitance 

Column address capacitance 

Write input capacitance 

¢d: Capacitance 

3; Capacitance 


aanwons 


Chip Select capacitance 


**Typical values are at +25°C and nominal voltages. 


- Conditions 


Rioap=6.8K to Vop Croap=20pf. 


Rise and fall times <100 ns 
Rise and fall times <100 ns 


Rioap=6.8K to Vop, CLroan=2O0pf. 


Vin=Vss Volts 
f=1 MHz 
All other pins grounded (Vss) 
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TIMING DIAGRAMS 


ondition 


Note: Chip Select and ¢3 at Vip for Entire Erase and Write Cycles’ 


Fig.1 ERASE AND WRITE CYCLE 


Sa //, A 
> =e fet “KN 
poner - | ie 
ae: " 
= AAA 


VoL 
}-—-—___—— ta ie cene 


Fig.2 READ CYCLE 
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APPLICATION EXAMPLE: 

Figure 4 illustrates a 1024-word by 4-bit memory implementation employing four 1105 EAROM’s in a wire-OR’d 
configuration. Each row input is driven by individual external row driver circuits, shown in figure 5. Erase voltage 
and write voltage, required as inputs to the row driver circuits, are generated by the circuits shown and need be 
implemented only once per system (as indicated in figure 4) unless selective erasure by row is desired. 


Erase Circuit 


Write 
Circuit 


Row Drive 


ER1105 ER1105 _ ER1105 


Fig.4 1024 WORD X 4 BIT MEMORY 


SN7416 


(Ry > Rg) 


*n = # of 1105s Driven 


ROW DRIVER CIRCUIT 


Fig.5 SUGGESTED ROW, ERASE AND WRITE CIRCUITS 
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ER1400 


1400 Bit Electrically Alterable Read Only Memory 


FEATURES 


PIN CONFIGURATION 
@ 100 Word x 14 bit organization 


s Word alterable 8 LEAD TO-8 
@ 10 years unpowered data storage 
@ Write/Erase time 100ms/word 

B Single -35 volt supply 

® No voltage switching required 


. . Bottom View 
# MOS compatible signal levels 


DESCRIPTION 


The ER1400 is a serial input/output 1400 bit electrically erasable 
and reprogrammable ROM, organized as 100 words of 14 bits 
each. Data and address are communicated in serial form via a 
one-pin bidirectional bus. 


Addressing is by two consecutive one-of-ten codes. ‘ ae S sepaci 
-Viu 6. C1 
Mode selection is by a 3 bit code applied to C1, C2 and C3. 3. Veg 7, C2 


Data is stored by internal negative writing pulses that selectively * Yaa ae 
tunnel charge into the oxide-nitride interface of the gate insulator 
of the 1400 MNOS memory transistors. When the writing voltage 
is removed the charge trapped at the interface is manifested asa 
negative shift in the threshold voitage of the selected memory 
transistors. 


BLOCK DIAGRAM 


14 BITS DATA REGISTER 


VO 
BUFFER 


DATA FLOW 


MEMORY 
’ ARRAY 


100x14 


AOMDOOS PMZ2mM4 


UNITS ADDRESS 


10 BITS 
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PIN FUNCTIONS 


In the Accept Address and Accept Data modes, this pin is an input 
pin for address and data respectively. In the Shift Data Out mode this 
pin is an output pin designed to drive MOS. In Standby, Read, Erase 
and Write, this pin is left floating. 


Used for testing purposes only. Should be left unconnected 
for normal operation. 


Chip substrate. Normally connected to ground. 
DC supply. Normally connected to -35 volt supply. 
Clock 14KHZ timing reference. 
C1, C2, C3 Mode control pins. Their operation is as follows: 
Ci C2 GC Function 
0 0 0 Standby - contents of Address and Data 
Register remains unchanged. Output buffer 
is left floating. 
Accept Address - Data presented at the I/O 
pin is shifted into the Address Register with 
each clock pulse. 
Read - The address word is read from 
memory into the data register. 
Shift Data Out - The output driver is enabled 
and the contents of the Data Register are 
shifted out one bit with each clock pulse. 
Erase - The word stored at the addressed 
location is erased to all zeros. | 
Accept Data - The data register accepts serial 
data presented at the I/O pin. The Address 
Register remains unchanged. 
Write - The word contained in the Data 
Register is written into the location 
designated by the Address Register. 


Not Used 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 
All inputs and outputs 


(except Vac) with respect to Vsg oo. ese e cece eens -20V to +0.3V “Exceeding these ratings could cause 
‘Veo with respect to Vss oo... cc cece cece eee cececuceeevenes -40V permanent damage. Functional operation of 
Storage temperature (No Data Retention) ..... -65°C to +150°C this device at these conditions is not 
Storage temperature (with Data Retention) implied—operating ranges are specified 
Operating wrsiaus va wious 14 een panera -25° to +75°C below. 
UINPOWCIC? 42345 ..etyeG ana ayepatee es eudictes -65°C to +80°C 
Standard Conditions (unless otherwise noted) 
Vss = GND 
Voc= -35V 


Operating Temperature (Ta) = 0°C to +70°C 


Characteristics Units 
DC CHARACTERISTIC 

Input logic “1” Volts 
Input logic “0” Volts 
Output logic “1” Volts 
(1 meg, 100 pf load) 

Output logic “0” Volts 
Power mw 
AC CHARACTERISTIC 

Clock Frequency KHz 
Write time ms 
Erase ms 
Rise, fall time ps 
Propagation delay ps 


**Typical values are at +25°C and nominal voltages. 
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TIMING DIAGRAMS 


¥-——-———20 CLOCK PERIODS —_——+| 
Gee Rremtenrins gctghgiae ete gage ee pee 


og Ct Ba By a Meee 


a ee rrr, i 
l 
DATA | \ é l 
(OUT) 1 TI 
—— | 


— tpw tpw a - 
i eave 20 CLOCK PERIODS ee 


Ber err BnTeu Taner | 
1 


CS ee 


bf 1000 +200 CLOCK PERIODS ——+ 1 


Fig.4 ERASE 


C2 i ee a eee (ae 


.@) 
~~ 
= Oo - Oo Oo = OO 


25ys max. 25us max. 


14 CLOCK PERIODS 


epee eters. eh eA 


C2 rey Laer re eens’) 
1 


a 1000 £200 CLOCK PERIODS ———»| 


Fig.6 WRITE 
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GENERAL 
INSTRUMENT 


512 Bit Electrically Alterable Read Only Memory 


FEATURES 
| PIN CONFIGURATION 
@ 32x16 Organization . 


= 5-Bit Addressing 28 LEAD DUAL IN LINE | 


a TTL Compatible Top View 
@ Chip Select 

a Word Alterable 

# 10 Year Unpowered Data Storage 

® 6 Microseconds Typical Access Time 
@ Write/Erase Time 100ms/word 

@ +5, -28V Supplies 

® ‘No Voltage Switching Required 


24:1) Vag (-28V) 


DESCRIPTION 18 F Clock 
70 Vss (+5V) 
The ER2050 is a fully decoded 32 x16 electrically erasable and 
reprogrammable ROM. Write, erase, and read voitages are 
switched internally via a 2-bit code applied to C1 and C2. 


Data is stored by applying negative writing pulses that selectively BLOCK DIAGRAM 


tunnel charge into the oxide-nitride interface at the gate insulator 
of the 512 MNOS memory transistors. When the writing voltage is 
removed the charge trapped at the interface is manifested as a 


negative shift in the threshold voltage of the selected memory 


transistors. 


Two TTL compatible control pins switch voltages internally for 


write, read and erase control. 
Me) repel CLOCK 
DATA 32x16 BUFFER 
CONTROL 
AND 
OUTPUT 
BUFFER 


ADDRESS 
DECODER 


AO At A2 A3 A4 


PIN FUNCTIONS 


5-Bit Word Address 
Data input and output pins 


Chip Select. Chip selected at logic 1. When chip select is at logic "0", outputs are open 
circuit, read, write and erase are disabled. Power is reduced. 


Mode Control! Inputs 

C1 C2 

1 1 Hold Mode: output data from previous read operation stored at output pins. 
0 1 Erase Mode: stored data is erased at addressed location. 
1 0 


Read Mode: addressed data read after clock pulse. Output data retained 
_at output pins until next read operation. 


0 0 Write Mode: input data written at addressed location. Clock not required. 


Note: Care must be exercised to ensure that CS is held at logic "0" during power up or 
power down to protect all addresses from spurious write or erase inputs. 


Clock Input. Pulse to logic "1" for read operation. 
Substrate supply. Normally at +5 volts. 

Ground Input 

Power Supply Input. Normally at -28 volts. 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


All inputs and outputs (with respect to Vss) ..........- -35V to +0.3V “Exceeding these ratings could cause 
Storage temperature --- eee cece eee ee cece nent renee -65°C to +150°C permanent damage. Functional operation of 
Soldering temperature of leads (10 seconds):..........--++46- +300°C this device at these conditions is not 

implied—operating ranges are specitied 


Standard Conditions: (unless otherwise noted) 
Viss '= +5V25% 

Vigg = -28V5% 

Viai = GND 

Operating Temperature (Ta) = 0°C to +70C 


Characteristic ee ee ee ae ee ee 


DC CHARACTERISTICS 


below. 


Input Logic “1” 

Input Logic "0" 

Output Logic "1" 

Output Logic "0" (lo. = 1.5mA) 


Power Supply Current 
Read 
Write 
Erase 


AC CHARACTERISTICS 


Access Time 

Clock Width 

Write Time 

Erase Time 
Address-Clock Time 
Write/Erase-Address Time 
Address-Write/Erase Time 
Clock Period 


Number of read accesses/ 
word between refresh 

Number of times word may 
be rewritten 


**Typical values are at +25°C and nominal voltages. 


TIMING DIAGRAMS 


.t 
lt 6 cf $$ te —— pl toy ke ' ce l 
a tpw eee ! | ! 


! 

| 
CLOCK ! ADDRESS | 

| 


' 4 
: teck— or 
Cc 

ADDRESS | an 

CHIP SELECT y { i 

CONTROL 1, 2 i t 
| WRITE OR ERASE —@@——-——— READ OR HOLD ————— a WRITE OR ERASE 
hee- face ———>4 


DATA OUT 


Fig. 1 READ TIMING Fig. 2 WRITE/ERASE TO READ/HOLD TIMING 
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GENERAL 
INSTRUMENT 


4096 Bit Electrically Alterable Read Only Memory 


FEATURES 


1024 x 4 Organization 

10-Bit Binary Addressing 

2 Chip Select Inputs 

Electrically Reprogrammable 

2|us Access Time 

20 ms/4-bit Word Write Time 

100 ms Simultaneous Erasure of All Data 

Minimum Data Retention—2 x 10'' Read Accesses/Word 
Between Refresh 

Three-State Outputs 

Unpowered, Nonvolatile Data Storage—10 Years at +70°C 
Control, Address and Data Inputs TTL Compatible with 
-Pull-Up Resistors 


DESCRIPTION 


The ER2401 is a fully decoded, 1024 x 4-bit electrically erasable 
and reprogrammable ROM utilizing second-generation MNOS 
epitaxial processing technology. 


Data is stored by applying negative writing pulses that selectively 
tunnel charge into the oxide-nitride interface at the gate insulator 
of the 4096 MNOS memory transistors. When the writing voltage 
is removed, the charge trapped at the interface is manifested as a 
negative shift in the threshold voltage of the selected memory 
transistors. 


BLOCK DIAGRAM 


Row Address 
1024 Cell 
Memory Matrix 


Decode Circuits 


PIN CONFIGURATION 
24 LEAD DUAL IN LINE 


Top View 


Stored data may be accessed a minimum of 2 x10" times without 
refresh and is non-volatile in the unpowered state in excess of ten 
years. Data is erased by applying a —28V pulse to the erase 
substrate of the device. Data can be erased and rewritten up to a 
maximum of 10° times. 


Column Address 
Decode Circuits 


1024 Cell 
Memory Matrix 
1024 Cell 
Memory Matrix 
1024 Cell 
Memory Matrix 


Sense FF = Sense FF ' Sense FF ¥ 


Sense FF 

a | & ELF a@ £2 eb & 
i Output Output Output utput 
ie river ae < rg Driver 


Select Driver 


Circuit 


one 
CS, CS, 


248 


Driver Driver 


| 


O 
2 03 


ER2401 [=) 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


All inputs or outputs relative toVss. ........0. +0.3V to -30V "Exceeding these ratings could cause 

Operating ambient temperature... ......2.2.~, 0°C to +70°C permanent damage. Functional operation of 

Storage temperature... ............. -65°C to +150°C this device at these conditions is not 

Soldering temperature of leads (10 seconds). ........ +300° C implied—operating ranges are specified 
below. 


RECOMMENDED OPERATING CONDITIONS, Ta, = 0°C to +70°C 


Parameter 


Supply Voltage : Vss Vss+0.3 | Vss-29  Vss-28 Vss-27 Vss-20 Vss-19 Vss-18 
Substrate supply 

voltage , 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 
Memory voltage . Vss as Vss-29 -Vss-28 Vss-27 Vss-10.5 Vss-10 = Vss-9.5 
Reference voltage Vss —_ Vss Vss Vss -Vss-20 Vss-19 Vss-18 
Erase substrate input 

h igh : Vss Vsst0.3 | Vss-0.4 Vsst+0.3 ; Vss-0.4 Vsst0.3 
Erase substrate input 

low Vss-28  Vss-27° | Vss-0.4 Vsst+0.3 | Vss-0.4 Vsst+0.3 
Write control input high] Vss-29 Vss Vsst0.3 | Vss-1.5 Vsst0.3 | Vss-1.5 Vsst0.3 
Write control input low | Vss-29 Se Vss-4.4 | Vss-29 Vss-4.4 | Vss-1.5 Vsst 0.3 
¢, input high voltage Vss — Vss-0.8 Vsst0.3 | Vss-0.8 Vss+0.3 
¢, input low voltage Not Applicable Vss-29 -Vss-28 = Vss-27 Vss-25 Vss-18 
Strobe input high | 

voltage — Vss Not Applicable Vss-1.5 Vsst+0.3 
Strobe input low voltage Not Applicable Vss-29 -Vss-28 ~——Vss-27 | Vss-25 Vss-18 
Address and CS input : 

high Don’t Care : Vsst+0.3 | Vss-1.5 Vsst0.3 
Address and CS input 

low Don't Care Vss-4.4 | Vop — Vss-4.4 
Data input high voltage Don’t Care Vss-1.5 Vsst0.3 Not Applicable 
Data input low voltage Don’t Care Vpp Vss-4.4 Not Applicable 


< < <<< < 


<<< < << <<<<<¢ 


Input leakage current (except pins 1, 2, 
4, 5,6, 7,8, and 24) at Vss-15V $1=Vpp=Vss-20 __ 
¢, leakage current at Vss-29V Vpp=Vss-29, ST=W=Vss-25 
Output leakage current at Vss-15V Chip deselected 
Erase substrate leakage current at 
Vss-28V W=ST=Vss-25 
Vpp Supply current - read mode at 
Vss-19V Outputsopen (See Figure6) 
Vpp Supply current - write mode at 
Vss-28V Outputsopen (See Figure 5) 
Data output high current- TTL load One Series 7400 TTL load with 
Rs=2KOQ,, Vec=Vss 
Data output)jlow current- TTL load (See TTL Notes) 
Data Output high voltage - MOS 
Data Output low voltage — MOS C.=100 pF 
Unpowered nonvolatile data storage Typical write conditions 


Address and chip select input capacitance 
Write control input capacitance 

Strobe input capacitance 

¢, Input Capacitance 

Erase substrate capacitance 

Data input/output capacitance 
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ERASE CYCLE CHARACTERISTICS, Ta = 0°C to +70°C 


Ver erase pulse width 
Vee rise time, Vee-fall time 
Write-erase overlap 


Write Control 
(W) 


oO 
Erase F 
Substrate ; ———Ee — f 
Address (A, ~ Ag) 

and/or 

Chip Select (CS, CS.) 


6, 


Data Input 
(D, > D,) 


WRITE CYCLE CHARACTERISTICS, T,=0°C to +70°C (ST=Vpp) (SEE NOTE 3) 


Number of ¢, write pulses at 100 ws 410%, 5 us min. dead time between 
pulses) Pulses 

Write control rise to pulsed ¢, rise delay ns 
Address change and chip select fall to pulsed ¢, rise delay ns. 
Pulsed ¢, fall to address and chip select change delay ‘ LS 
Data input change to pulsed 4, rise delay ; LS 
Pulsed q, fall to data input change delay us 
Number of times word may be rewritten = 


Write Control 
(W) 
Erase 


Substrate 
(V Ee) 


nee 


ae es MT OST OFT 3 


Chip Select (CS, CS.) 
po | 


Pulsed >, 
(d,) 


Data Input 


>D,) 


Write “0” ———>| <q —__— Write ‘1’ ———>|«—_—__ Write "0" >| 


NOTES: 1. Due to the dynamic nature of the circuit a ¢,NOT time in excess of 40 usec. may result in a floated output condition. 
Consequently data must be resampled with a 40 usec. time period following the fall of ¢, to ensure its validity. 
2. Several seconds may be required following a programming operation for the circuit to become operable inthe read mode. If 
data is to be verified immediately following programming, a forward current of +1 mA £10% may be forced into the erase 
substrate junction (Pin 4, Veg), for a period not to exceed 10 milliseconds, to quickly dissipate charge trapped at internal circuit 
nodes. 
3. Maximum power dissipation occurs during programming. When programming multichip systems where the application of 


programming voltages is required for several minutes, forced air cooling is recommended to reduce package temperature. 
Power is not reduced when chip is deselected. 


4. All typical values are at +25°C and nominal voltages. 
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READ CYCLE CHARACTERISTICS FOR NON-STROBED OPERATION, T= 0°C to +70°C (ST = Vop ) 


Parameter 
(See Figures 1 through 4) 


Access time (strobe=Vpp) 

Pulse width (rise and fall times <50'ns ) (See Note 1) 
Address and chip select change to ¢; rise delay 

¢: Fall to address and chip select change delay 

¢: Fall to data output valid delay (See Notes 1 and 2) 
¢: Rise to floated output delay 

Number of read accesses/word between refresh 


Chip Select 
(CS, Cs.) Selected 


Address 


9 


Data Output 


Floating i Floating 


4) 


READ CYCLE CHARACTERISTICS FOR STROBED OPERATION, T,a=0°C to +70°C 


thi 


¢: Pulse width (rise and fall times <50'ns ) (See Note 1) 850 
Address and chip select change to ¢; rise delay 400 
¢: Fall to strobe rise delay 0.75 
Strobe pulse width (rise and fall <50 ns ) 500 
Strobe rise to strobed data output valid delay (see notes 1 and 2) Tn 
Strobe rise to strobed floated output on deselect delay — 
Number of read accesses/word between refresh 2x10"! 


Chip Select 

Selected 
(CS, Cs.) 
Address 
(Ag > Ag) 


9 


Strobe 
(ST) 


Strobed 
Data Output 
(D, >D,) 
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TYPICAL OPERATING CHARACTERISTICS, Ta = +25°C and +70°C, Rs = 2K Ohms, Vss. = OV 


D>, — VOLTS — 


Yop VR AN 


n 
J 
2) 
S - 
| 
Ss. 
Q 
Zz 
¢ 
aw: 
> 
a) 
rat 
> 


PERATING 
ANGE 


to1- TIME IN NANOSECONDS 


Fig.1 TYPICAL ¢1 DELAY IN NANOSECONDS 
VS. POWER SUPPLY VOLTAGE 


— TIME IN NANOSECONDS 


Fig.3 TYPICAL DATA SETUP TIME IN NANOSECONDS 
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VS. POWER SUPPLY VOLTAGES 


OPERATING 
RANGE 


-16 -18 -20 -22 -—24 


'np?2 — WRITE CURRENT IN ma 


Fig.5 TYPICAL WRITE CURRENT IN MILLIAMPS 
VS. POWER SUPPLY VOLTAGES 


“DD VR ane ?, eels 


— 


OPERATING 


to — TIME IN NANOSECONDS 


Fig.2 TYPICAL ¢1 WIDTH IN NANOSECONDS 
VS. POWER SUPPLY VOLTAGES 


— TIME IN MICROSECONDS 


Fig.4 TYPICAL ACCESS TIME IN MICROSECONDS 
VS. POWER SUPPLY VOLTAGES 


pD1~ READ CURRENT IN ma 


Fig.6 TYPICAL READ CURRENT IN’ MILLIAMPS 
VS. POWER SUPPLY VOLTAGE 
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PIN FUNCTIONS 


Chip Select (CS1, CS2) eres) OPERATION 

Both must be in the high state to enable the data output terminals : 01 02 03 D4 

or write data into the device. en 

Data Input/Output (D1—D4) vo 

D1 through D4 are bidirectional data terminals. Data are entered * 

on these terminals during the write cycle and read out during the a 

read cycle. When deselected, these terminals are in a floating WRITE CLOCK 
condition. oe 


12 1110 9 8 7 6 § 4 3 2 «1 


Write Control! (W) 
The write control terminal must be in the low state in order to 
write data into the device. 19 14 15 16 17 18 19 20 21 22 23 24 


Strobe (ST) 

A strobe input is provided for delayed data clockout. In 
applications where this feature is not desired, the strobe terminal 
should be maintained at VDD throughout the entire read cyle. 
The ST input is high-level and not TTL-compatible. 

Phase One (61) 

During the write operation, multiple 100us pulses must be applied 
to the 1 terminal to fully shift the memory transistor threshold 3. ERASE 
voltge to its most negative state. This is required for voltage 

bootstrapping in the row-selection circuitry. The 1 input is high 
level and not TTL-compatible. 


NOTE: All control, address and data inputs are TTL-compatible 
with pull-up resistors. 


A 4096 x 4 EAROM SUBSYSTEM ORGANIZATION 


OTHER CONTROL 
AND POWER 
INPUTS 


ER2401 


TTL INTERFACE MOS INTERFACE 


2K92<Re S3KXD V.=V 


50082<R, <2KQ 


CC SS 


| 7400 
| Series 
| TTL 
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ER2800 


8192 Bit Electrically Alterable Read Only Memory 


FEATURES 


@ 2048 x 4 Organization 
@ 11-Bit Binary Addressing 


@ Chip Select Input 

w# Electrically Reprogrammable 

m 2 us Access Time 

we 20 ms/4-bit Word Write Time 

ws 100 ms Simultaneous Erasure of All Data 

a Minimum Data Retention—2 x 10'' Read Accesses/Word 
Between Refresh 

a Three-State Outputs 

w Unpowered, Nonvolatile Data Storage—10 Years at +70°C 

# Control, Address and Data inputs TTL Compatible with 
Pull-Up Resistors 

DESCRIPTION 


The ER2800 is a fully decoded, 1024 x 4-bit electrically erasable 
and reprogrammable ROM utilizing second-generation MNOS 
epitaxial processing technology. 


Data is stored by applying negative writing pulses that selectively 
tunnel charge into the oxide-nitride interface at the gate insulator 
of the 8192 MNOS memory transistors.When the writing voltage 
is removed, the charge trapped at the interface is manifested as a 
negative shift in the threshold voltage of the selected memory 
transistors. 


BLOCK DIAGRAM 


PIN CONFIGURATION 
24 LEAD DUAL IN LINE 


Top View 


Clock 1(¢1) Cj@1 
Vss (+5V) 


Stored data may be accessed a minimum of 2 x10''times without 
refresh and is non-volatile in the unpowered state in excess of ten 
years. Data is erased by applying a —28V pulse to the erase 
substrate of the device. Data can be erased and rewritten up to a 
maximum of 10° times. 


Column Address 
Decode Circuits 


VmMO Eh, ahdegite 3 


AiO 
2: 
ot 
2 yo 
30 8 
eae g 
“oe 8 8 
co 
QO 
AsO 
As© 


Memory Matrix 


2048 Cell 
Memory Matrix 
2048 Cell 
Memory Matrix 
2048 Cell 
Memory Matrix 


WO x ag 
VRO ven FF Zee ree FF ee FF : mae FF 
Chip Bak | | ait Bini Baik 
cs Select Driver Driver Driver Driver 
Circuit rT 
@ O 0 O 
ST D, Do D3 Dy 
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ER3400 


NT 


4096 Bit High Speed Electrically Alterable Read Only Memory 


FEATURES 
PIN CONFIGURATION 


@ 1024 x 4 Organization 22 LEAD DUAL IN LINE 


® 10-Bit Addressing 


= TTL Compatible nichts 

® Chip Select Veg (-30V) Cle Vg (+5) 

@ Word Alterable Vop (-12V) [] 2 A5 

@ 10 Year Unpowered Data Storage 3 A4 

8 600ns Typical Access Time 4 A3 

#8 Write Time — 100us/word P Ao 

Erase Time — 1ms/word , is 

@ +5, -12 volt supply for read ‘ Ab 

® -30 volt supply for write/erase i GE 

B No Voltage Switching Required 

@ 22 Pin Package : a 
Do 
D1 

DESCRIPTION 

The ER3400 is a fully decoded 1024 x 4 electrically erasable and BLOCK DIAGRAM 


reprogrammable ROM. Write, erase, and read voltages are 
switched internally via a 2-bit code applied to C1 and C2. 


Data is stored by applying negative writing pulses that selectively 
tunnel charge into the oxide-nitride interface at the gate insulator 
of the 4096 MNOS memory transistors. When the writing voltage 
is removed the charge trapped at the interface is manifested as a 


negative shift in the threshold voltage of the selected memory eesti 


transistors. vO erp CLOCK 
i ; DATA 1024 x 4 BUFFER 
+5 volt and -12 volt supplies are required for read operation. An CONTROL 


additional -30 volt supply is required for write and erase. ouTPUT 
BUFFER 


Two TTL compatible control pins switch voltages internally for 


write, read and erase control. 
DECODER 


AO Al A2 A3 A4 


PIN FUNCTIONS 


5-Bit Word Address 
Data input and output pins 


Chip Select. Chip selected at logic 0. When chip select is at logic “1”, outputs are open 
circuit, read, write and erase are disabled. Power is reduced. 


Mode Control Inputs 
C1 C2 


1 1 Block Erase Mode: erase operation performed on all words. 
0 1 Word Erase Mode: stored data is erased at addressed location. 
1 0 


Read Mode: addressed data read after clock pulse. Output data retained 
at output pins until next read operation. 


0 0 Write Mode: input data written at addressed location. Clock not required. 


Note: Care must be exercised to ensure that CS is held at logic "0" during power up or 
power down to protect all addresses from spurious write or erase inputs. 


Substrate supply. Normally at +5 volts. 
Ground Input 

Power Supply Input. Normally at -12 volts. 
Power Supply Input. Normally at -30 volts. 
Write data strobe. 
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GENERAL 


INSTRUMENT 


RO-6-1024/4 
RO-7-1024/4 
RO-6-1024/8 
RO-7-1024/8 
RO-5-1302 
RO-6-2048/4 
RO-7-2048/4 
RO-6-2048/8 
RO-7-2048/8 
RO-3-2560 
RO-3-4096 
RO-3-5120 
RO-5-8192 
RO-3-8316A 
RO-3-8316B 
RO-3-9316A 
RO-3-9316B 
RO-3-16384 
RO-3-20480 


RO-6-1024/4 RO-6-1024/8 


RO-7-1024/4 RO-7-1024/8 


1024 Bit Static Read Only Memories 


FEATURES 


Static operation. No clock required. 

Access time typically 1 usec. 

Three-State output for wired AND capability. 
Chip enable control. 
Input, Output directly interface with DTL/TTL. 
Choice of Operating Temperature Ranges— 
RO-7: O0°C to +70°C 

RO-6: -55°C to +125°C 


DESCRIPTION 


The RO-6-1024/4, RO-7-1024/4, RO-6-1024/8 and RO-7-1024/8 
are 1024 bit static Read Only Memories belonging to a standard 
family of DTL/TTL compatible circuits which are constructed 
using fow threshold silicon nitride passivated P-channel 
enhancement mode field effect transistors. 


. The RO-6-1024/4 is packaged in a 16 lead ceramic Dual In 
Line.The RO-7-1024/4 is the plastic version of this device. The 
_ memory organization is 256«4 bit words. 


The RO-6-1024/8 is packaged in a 24 lead ceramic Dual In 
Line. The RO-7-1024/8 is the plastic version of this device. The 
memory organization is 128x8 bit words. 


BLOCK DIAGRAMS 


OUT OUT OUT OUT 
B1 B2 B3 B84 


hema | OUTPUT STAGES 


RO-6/7-1024/4 
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PIN CONFIGURATIONS 


16 LEAD DUAL IN LINE 


RO-6/7-1024/4 en ee 


input A3 (_] @1 

input A2 [7] 15 LJ input A4 

Input At LJ 14 LJ input A5 
Output B1 {J 13 [_jinput A6 
Output B2 [| 12 | Jinput A7 
Output B3 |] 
Output B4(] 10 [|_| Chip Enable 

Wee 9 [J input As 


24 LEAD DUAL IN LINE 
RO-6/7-1024/8 Top View 


Input A3 Cj @1 

Input A2 

Input A1 © 
Output B1 
Output B2 
Output 83 ( 
Output B4 
Output B5 O 
Output B6 J 
Output B7 © 
Output B8 CO 


OUT OUT OUT OUT OUT OUT OUT OUT 
Bi B82 B3 B64 BS B6 B7 B8 


OUTPUT STAGES 


MEMORY MATRIX 


RO-6/7-1024/8 


RO-6-1024/4 = RO-6-1024/8 = RO-7-1024/4 = RO-7-1024/8 [a 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Vai & Vac (with respect to Vcc)... 2... —20V to +0.3V “Exceeding these ratings could cause 

Clock & logic inputs (with respect to Vcc)!. -20V to +0.3V permanent damage. Functional operation of 

Storage Temperature... ....... —55°C to +150°C these devices at these conditions is not 

Operating Temperature... .. . . .—55°C to +125°C (RO-6-1024/4/8) implied—operating ranges are specified 
Pe AIS A erty — 0°C to +70°C (RO-7-1024/4/8) below. 


Standard Conditions (unless otherwise noted) 


Vec = +5V + 0.5V 

Voc = —12V + 1V 

Vor = GND 

(Substrate at Vcc) 

Operating Temperature (T,) =-55° Cto +125°C (RO-6-1024/4/8) 
| = 0°C to +70°C (RO-7-1024/4/8) 


Data Inputs 
Logic “0” level 
Logic “1” level 
Noise Immunity 
input Leakage 
Input capacitance 


Data Outputs 


Measured at Vin = Vac at 25°C 
Measured at Vin = Vcc 


Logic “0” level lor = 1.6 mA 

Logic “1” level lon = 100 pA 
Access Time 

Address Measured at 25°C 

Chip enable Measured at 25°C 


**Typical values are at +25°C and nominal voltages 
*** Testing Conditions 


TYPICAL CHARACTERISTIC CURVE 


TIMING DIAGRAM 


[Access aera) 
| 


+0.8 


INPUTS 
CHIP ENABLE 


TEST POINT 
| | 


55 -25 0) +25 +50 +75 +100 +125°C 


OUTPUTS 


ACCESS TIME VS. TEMPERATURE 
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GENERAL 
INSTRUMENT 


2048 Bit Static Read Only Memory 


FEATURES ] 

PIN CONFIGURATION 
@ Static Operation. No clock required. 24 LEAD DUAL IN LINE 
= Access time typically 1.2 usec. 
@ Three-state output for wired AND capability. 
® Chip enable control. 
® Input, Output directly interface with DTL/TTI. 

Top View 

DESCRIPTION 
The RO-5-1302 is a 2048 bit fully static Read Only Memory eee 
belonging to a standard family of DTL/TTL compatible circuits Data Out 3 C 
which are constructed using low threshold silicon nitride Data Out 4 
passivated P-channel enhancement mode field effect ate Ours 
transistors. The RO-5-1302 is packaged in a 24 lead Dual In Line. 2g = : = 


The memory organization is 2568 bit words. 


Data Out 8 [J 


BLOCK DIAGRAM 


OUT OUT OUT OUT OUT OUT OUT OUT 
CE 1 2 3 4 5 6 7 8 


Al fg =e 


A3 


<= NCC 
A4 i : 
DEC 2 


VGG 
OUTPUT STAGES VGI 


Ad 


' 


A7 


ed ha 
A6 i _ MEMORY MATRIX 
Eee a 


A8 
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RO-5-1302 
ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Vor & Vac (with respect toVcc). . 2... 2 2 ee —20V to +0.3V *Exceeding these ratings could cause 

Clock & logic inputs (with respect to Voc)... .. . —20V to +0.3V permanent damage. Functional operation of 

Storage Temperature. .............4.. —§5° to +150°C this device at these conditions is not 

Operating Temperature. ...........2... 0° to +70°C implied—operating ranges are specified 
below. 


Standard Conditions (unless otherwise noted) 


Vcc = +5V + 0.5V 

Voc = -12V +1V 

Vor = GND 

(Substrate at Vcc) 

Operating Temperature (T,) = 0°C to +70°C 


Data Inputs 

Logic “0” level 
Logic “1” level 
Noise immunity 
Input leakage 
Input capacitance 


Data Outputs 


Measured at Vin = Vac at 25°C 
Measured at Vin = Vcc 


Logic “0” level lor = 1.6 mA 
Logic “1” level lon = 100 pA 
Access Time 

Address Measured at 25°C 
Chip enable Measured at 25°C 


**Typical values are at +25°C and nominal voltages 
*** Testing Conditions 


TIMING DIAGRAM TYPICAL CHARACTERISTIC CURVE 


= ACCESS sae 


INPUTS 


TEST POINT 


ACCESS TIME VS. TEMPERATURE 
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RO-6-2048/4 RO-6-2048/8 
RO-7-2048/4 RO-7-2048/8 


GENERAL 
INSTRUMENT 


2048 Bit Static Read Only Memories 


FEATURES 


Static Operation. No clock required. 

Access time typically 1.2 usec. 

Three-state output for wired AND capability. 
Chip enable control. 

Input, Output directly interface with DTL/TLL. 
Choice of Operating Temperature Ranges— 
RO-7: 0°C to +70°C 

RO-6: -55° to +125°C 


DESCRIPTION 


The RO-6-2048/4, RO-7-2048/4, RO-6-2048/8 and RO-7-2048/8 
are 2048 bit fully static Read Only Memories belonging to a 
standard family of DTL/TTL compatible circuits which are 
- constructed using low threshold silicon nitride passivated P- 
channel enhancement mode field effect ransistors. The RO-6- 
2048/4 is packaged in a 24 lead ceramic Dual In Line. The RO-7- 
2048/4 is the plastic version of this device. The memory 
organization is 512x4 bit words. 

The RO-6-2048/8 is packaged in a 24 lead ceramic Dual In Line. 
The RO-7-2048/8 is the plastic version of this device. The memory 
organization is 256«8 bit words. 


BLOCK DIAGRAM 


OUT OUT OUT OUT 
B1 B2 B83 B4 


ae OUTPUT STAGES 
Leama 


RO-6/7-2048/4 
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PIN CONFIGURATIONS 


24 LEAD DUAL IN LINE 
RO-6/7-2048/4 
Top View 

Var 
N.C. 
N.C. 
A4 
A5 
A6 
A7 
A8& 
Vec 
N.C. 
Chip Enable 
AQ 


24 LEAD DUAL IN LINE 


RO-6/7-2048/8 ise 


Vai 
N.C. 
N.C. 
A4 
A5 
A6 
A7 
A8& 
Vea 
N.C. 
Chip Enable 
N.C. 


OUT OUT OUT OUT OUT OUT OUT OUT 
Bi B2 B3 B4 85 B6 B7 B8 


OUTPUT STAGES 


ee 


eel 
— MEMORY MATRIX 
ae 


RO-6/7-2048/8 


RO-6-2048/4 = RO-6-2048/8 = RO-7-2048/4 = RO-7-2048/8 [=] 
ELECTRICAL CHARACTERISTICS 


Maximum Ratings * 


Var & Vac (with respect to Vcc). 2 2 2... —20V to +0.3V *Exceeding these ratings could cause 
Clock & logic inputs (with respect to Voc) . —20V to +0.3V permanent damage. Functional operation of 


Storage Temperature. .......... - 55°C to +150°C these devices at these conditions is not 
Operating Temperature. ......... —55°C to +125°C (RO-6-2048/4/8) implied—operating ranges are specified 
goa ah og aaa? Shak 0°C to +70°C (RO-7-2048/4/8) below. 


Standard Conditions (unless otherwise noted) 


Vcc = +5V + 0.5V 

Voc = —-12V £1V 

Vor = GND 

(Substrate at Vcc) 

Operating Temperature (Ta) = -55°C to +125°C (RO-6-2048/4/8) 
= O°Cto+70°C (RO-7-2048/4/8) 


Data Inputs 
Logic “O” level 
Logic “1” level 
Noise immunity 
Input leakage 
Input capacitance 


Data Outputs 
Logic “O” level 


Measured at Vin = Vac at 25°C 
Measured at Vin = Vcc 


lo. = 1.6 mA 
Logic “1” level lon = 100 pA 
Access Time 
Address Measured at 25°C 
Chip enable 


Measured at 25°C 


**Typical values are at +25°C and nominal voltages 
*** Testing Conditions 


TIMING DIAGRAM TYPICAL CHARACTERISTIC CURVE 


pa access me 


INPUTS 
CHIP ENABLE 


oll 
TYPICAL ACCESS TIME 


OUTPUTS | an 


+100 +125°C 


ACCESS TIME VS. TEMPERATURE 
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RO-3-2560 


GENERAL 
Gl ; 


2560 Bit Static Read Only Memory 


FEATURES 


mw 512x5 Organization—ideal for many general 
purpose applications. 

Single +5 Volt Supply. 

TTL Compatible—all inputs and outputs. 
Static Operation—no clocks required. 
450ns Maximum Access Time 

175mW Maximum Power 

Three-State Outputs—under the control of an ‘Output Inhibit’ 
input to simplify memory expansion. 

@ Totally Automated Custom Programming. 
@ Zener Protected Inputs 

@ Glass Passivation Protection 


DESCRIPTION 


The General Instrument RO-3-2560 is a 2560 bit static Read-Only 
Memory organized as 512 five bit words and is ideally suited for 
many general purpose memory applications. Fabricated in Gl’s 
advanced GIANT IL N-channel lon-implant process to enable 
operation from a single +5 Volt power supply, the RO-3-2560 can 
store a full 512 words of 5 bits each. 


The RO-3-2560 is one of a family of 512 word Read-Only 
Memories offered by General Instrument; two others are the RO- 
3-4096, with a 512x8 memory organization, and the RO-3-5120, 
with a 512x10 memory organization. 


BLOCK DIAGRAM 


AOORESS 
INPUT ADORESS 
DECODE 
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PIN CONFIGURATION 
18 LEAD DUAL IN LINE 


Top View 


Voc(+5V) CT] @1 


A separate publication, ‘“RO-3-2560 Custom Coding 
Information,” available from GI Sales Offices, describes the 
punched card and truth table format for custom programming of 
the RO-3-2560 memory. 


MEMORY OUTPUT 


MATRIX 
FF 
ioe BUFFERS 


OUTPUT 
INHIBIT 


RO-3-2560 [=] 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


Vcc and input voltages (with respecttoGND) ...... —0.3V to +8.0V “Exceeding these ratings could cause 
Storage Temperature ...... ce. a uty cae dh, hice. tak 2 —65°C to +150°C permanent damage. Functional operation of 
Operating Temperature (Ta)... 2... 2... .204. 0°C to +70°C this device at these conditions is not 

implied—operating ranges are specified 


Standard Conditions (unless otherwise noted) 


Vcc = +5 Volts +5% 
Operating Temperature (Ta) = 0°C to +70°C 
Output Loading: One TTL load, Ci torac = 50pF 


DC CHARACTERISTICS 
Address, Output Inhibit inputs 


below. 


Logic “1” V 
Logic “0” V 
Leakage pA 
Data Outputs 
Logic “1” V lon = 100nA 
Logic “0” V lor = 1.6mA 
Leakage BA 
Power 
lec mA Outputs Open 
AC CHARACTERISTICS 
Inputs 
Cycle Time ns 
Capacitance pF f= 1MHz 
Data Outputs 
Access Time ns 
Inhibit Response Time ns 
Capacitance pF f= 1MHz 
“*Typical values are at +25°C and nominal voltages. 
TIMING DIAGRAMS 
te 
eed oe 
“nbSeS ce ‘ 
Vay ah 
tace tr tr 
a er a ee 2.0 OUTPUTS OUTPUTS ouTPuTS ~ 2.0 
ourPuTS | Y ourPitd “wert meebanae<; URNS’ Dea 
(45 IMPEDANCE * 
ACCESS TIME (ADDRESS TO OUTPUT- INHIBIT RESPONSE TIME 
OUTPUT INHIBIT AT LOGIC 0’) (ADDRESS INPUTS STABLE) 
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RO-3-4096 


4096 Bit Static Read Only Memory 


FEATURES 


512x8 Organization 

Single +5 Volt Supply 

TTL/DTL Compatible 

Static Operation—no clocks required 

500ns. Maximum Access Time 

150 mW Typical Power 

Tri-State Outputs—under conrol of ‘Output Inhibit’ signal 
Totally Automated Custom Programming 

Zener Protected Inputs 

Glass Passivation Protection 


DESCRIPTION 


The General Instrument RO-3-4096 is a 4096 bit static Read- 
Only-Memory. It is organized as 512 eight bit words and requires 
9 bits of addressing. An ‘Output Inhibit’ function is provided to 
simplify the connection of several ROMs to a common bus. The 
RO-3-4096 is constructed on a single monolithic chip utilizing 
low-voltage N-channel lon Implant technology. 


A separate publication, ‘“RO-3-4096 Custom Coding 
Information,” available from Gl Sales Offices, describes the 


punched card and truth table data format for custom 
programming of the RO-3-4096 memory. 


BLOCK DIAGRAM 


INPUT ADDRESS 


i 

ea 

as 

x 

Es BUFFERS DECODE 
= | 

ea 

az 
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PIN CONFIGURATION 
22 LEAD DUAL IN LINE 


Top View 


12 LJ Output Inhibit 


MEMORY 
MATRIX 
§12x8 


OUTPUT 
BUFFERS 


OUTPUT 
INHIBIT 


RO-3-4096 [=] 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


Vcc and input voltages (with respect to GND) ... . —0.3V to+8.0V “Exceeding these ratings could cause perma- 
Storage Temperature .............. —65°C to +150°C nent damage to this device. Functional oper- 
Operating Temperature (Ta)... ........24. 0°C to +70°C ation at these conditions is not implied— 


. operating conditions are specified below. 
Standard Conditions (unless otherwise noted) 
Vcc = +5 Volts + 5% 

Operating Temperature (Ta) = 0°C to +70°C 
Output Loading: One TTL load, Cx total = 50 pF. 


DC CHARACTERISTICS 

Address, Output Inhibit Inputs 

Logic “1” V 

Logic “0” V 

Leakage pA 

Data Outputs 

Logic “1” V lon=100uA 
Logic “0” Vv lo-=1.6mMA 
Leakage BA 

Power 

Ice mA 

AC CHARACTERISTICS 

Inputs 

Cycle Time tc — ns 

Capacitance Ci 8 pF = IMHz 
Data Outputs 

Access Time tacc 500 ns 

Inhibit Response Time tr 200 ns 

Capacitance Co 10 pF = IMHz 


**Typical values are at +25°C and nominal voltages. 


TIMING DIAGRAMS 


ADDRESS 7 OUTPUT 
INPUTS > INHIBIT 


tacc tr 
pee is DATA OUTPUTS OUTPUTS ouTPuTs ~ 2.0 
OUTPUTS fae OUTPUTS “HIGH IMPEDANCE ( VALID HIGH _ 


IMPEDANCE “49 
ACCESS TIME (ADDRESS TO OUTPUT- INHIBIT RESPONSE TIME 


OUTPUT INHIBIT AT LOGIC “0”) (ADDRESS INPUTS STABLE) 
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GENERAL 
INSTRUMENT 


5120 Bit Static Read Only Memory 


FEATURES 


@ §12x10 Organization 

gw Single +5 Volt Supply 

@ TTL/DTL Compatible 

ms Static Operation—no clocks required 

w 500ns Maximum Access Time 

m 150mW Typical Power 

mw Three-State Outputs—under control of ‘Output 
Inhibit’ signal 

= Totally Automated Custom Programming 

m Zener Protected Inputs 

m Glass Passivation Protection 


DESCRIPTION 


The General Instrument RO-3-5120 is a 5120 bit static Read- 
Only-Memory. It is organized as 512 ten bit words and requires 9 
bits of addressing. An ‘Output Inhibit’ function is provided to 
simplify the connection of several ROMs to a common bus. The 
RO-3-5120 is constructed on a single monolithic chip utilizing 
low-voltage N-channel lon Implant technology. 

A separate publication, “RO-3-5120 Custom Coding 
Information,” available from Gli Sales Offices, describes the 
punched card and truth table data format for custom 
programming of the RO-3-5120 memory. 


BLOCK DIAGRAM 


INPUT ADDRESS 
BUFFERS DECODE 
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PIN CONFIGURATION 
24 LEAD DUAL IN LINE 


MEMORY 
MATRIX 
512x10 


Top View 


OUTPUT 
INHIBIT 


|] Output Inhibit 


no-ssi20 [a 


ELECTRIC CHARACTERISTICS 
Maximum Ratings” 


Vcc and input voltages (with respecttoGND) ...... —0.3V to +8.0V “Exceeding these ratings could cause 
Storage Temperature... ..........02. —65°C to +150°C permanent damage. Functional operation of 
Operating Temperature (Ta). . 2... .......08. 0°C to +70°C this device at these conditions is not 

implied—operating ranges are specified 


Standard Conditions (unless otherwise noted) 
Vcc = +5 Volts +5% 

Temperature (Ta) = 0°C to +70°C 

Output Loading: One TTL Load, Cx tora = 5OpF. 


below. 


Characteristic Conditions 


DC CHARACTERISTICS 


Address, Output Inhibit Inputs 
Logic “1” 

Logic “0” 

Leakage 

Data Outputs 

Logic “1” 

Logic “0” 

Leakage 

Power Supply Current 


Ice 


AC CHARACTERISTICS 


Inputs 
Cycle Time tc 

Capacitance Ci 

Data Outputs 

Access Time tacc 
inhibit Response Time tr 

Capacitance Co 


lon = 100nA 
lo. = 1.6mA 


Outputs open 


8 pF f = 1MHz 


10 pF f= 1MHz 


TIMING DIAGRAMS 


ADDRESS os OUTPUT 
INPUTS - INHIBIT 


tace 
DATA " DATA OUTPUTS 4 OUTPUTS pe Males "20 
OUTPUTS “HIGH IMPEDANCE \{ L HIGH 
OUTPUTS ” WERce nee 


ACCESS TIME (ADDRESS TO OUTPUT— INHIBIT RESPONSE TIME 
OUTPUT INHIBIT AT LOGIC ‘0’) (ADDRESS INPUTS STABLE) 


269 


RO-5-8192 


8192 Bit Read Only Memory 


FEATURES 
PIN CONFIGURATION 


@ 2048x4 Organization 24 LEAD DUAL IN LINE 
1.2us Typical Access Time 


@ TTL/DTL Compatibility—Inputs and clocks TTL/DTL 
compatible without external interfacing components. 

@ Programmable Chip Select—Simplifies design of large 
memory systems. 

= Totally Automated Mask Generation—“RO-5-8192/Custom Top View 
Coding Information”, describing punched card and truth 
table data specification, is available from Gl Sales Offices. 

m Zener Protected Inputs 

@ Glass Passivation Protection 


—_ 


DESCRIPTION 


The General Instrument RO-5-8192 is an 8192-bit dynamic Read 
Only Memory. It is organized as 2048 four bit words and requires 
11 bits of addressing. Additional features such as programmable 
chip select are provided for greater system flexibility. The RO-5- 
8192 is constructed on a single monolithic chip utilizing MINS 
P-channel enhancement mode transistors. The RO-5-8192 is 
available pre-programmed as a 4 bit random number generator. 


e 
2 
3 
4 
5 
6 
7 
8 
9 
1 


—_ 
Oo - © 


BLOCK DIAGRAM 


A6 A7 A8 AQ AIO 


on 
COLUMN QUADRANT 


DECODER K-41 SELECT 


| | MEMORY 
]  RECOOER MATRIX 
eae 2048 x 4 


SENSE CLOCK 
SELECT [LX >] AMPLIFIERS ORIVER im 


OUTPUT 
- BUFFERS 


CHIP 


' 2 3 4 
DATA OUTPUTS 
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[j Chip Select 1 
-}) Chip Select 2 
[J Chip Select 3 
[} Chip Select 4 
_) Output 1 
[] Output 2 
J Output 3 
|} Output 4 


RO-5-8192 
ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voc, clock and input voltages (with respect to Vcc) . .... —20V to +0.3V “Exceeding these ratings could cause 
Storage Temperature ...... SS te i as de eek ae oh —65°C to +150°C permanent damage. Functional operation of 
Cperating Temperature (Ta). . . 2... 2... ee 0°C to +70°C this device at these conditions is not 

. implied—operating ranges are specified 
Standard Conditions (uniess otherwise noted) below. 


Vcc = +5 Volts +5% 

Voc = —12 Volts +5% 

Operating Temperature (Ta) = 0°C to +70°C 

Output Loading: Ri = 6.8K to Voc, C. TOTAL = 100pf. 


DC CHARACTERISTICS 


Clock Inputs 
Logic “1” 
Logic “O” 
Leakage Vin = Vec-9V, 
Ta = +25°C 
Address, Chip Select Inputs 
Logic “1” 

Logic “0” 

Leakage Vin = Vec-9V, 
Ta=+25°C 
Quadrant Enable Inputs? 
Logic “1” 

Logic “0” 

Data Outputs 

Logic “1” 

Logic “0” 

Power 

loc 

AC CHARACTERISTICS 
Clock Inputs 

Cycle Time 

¢1 Pulse Width 

¢: Pulse Separation 

d2 Lead Time 

¢2 Lag Time 

Rise and Fall Times 
Capacitance 


Inputs 

Set Up Time 
Hold Time 
Capacitance 


Data Outputs 
Propagation Delay 
Access Time 
Capacitance 


ONE TTL LOAD 
ONE TTL LOAD 


to1pwteaia 2400ns 


IMHz, Ta = +25°C 


1MHz, Ta = +25°C 


(See Note) 
1MHz, Ta = +25°C 


**Typical values are at +25°C and nominal ‘voltages. 


NOTE: 
Access Time is defined as tps (min.) + tdag (min.) + trp (max.) 
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RO-5-8192 
LOGIC DEFINITION 


Logic “1” = +5V DC or the more positive voltage 
Logic “0” = OV DC or the more negative voltage 


CHIP SELECT 


The RO-5-8192 is provided with four programmable bits of chip 
select. Constructing large memory systems with more than one 
8K ROM simply requires wire-working the ROM outputs and 
assigning different chip select codes to each ROM chip (whena 
chip is not selected, its outputs are at a logic “O”—the output 
‘device is off). In addition, cascading ROMs with the same chip 
select code provides additional bits per word. 

The four chip select bits are permanently programmed into the 
ROM at the same time as the custom data pattern. 31 different 
chip select codes are possible—16 unique codes and 15 
additional with “don’t care” variations (in the following x =Oor 1): 


CS1 CS2 CS3 CS4 


xX 4 X X — 16 codes 
DC X X X —_ 8 codes 
DC DC X X —_ 4 codes 
DC DC DC X — 2 codes 
DC DC DC DC — 1 code 


TIMING DIAGRAM 


tgc 


Tgipw aaah tgips 


{ i a $$. 
cfock vf 


ADDRESS, 
CHIP SELECT, 
QUADRANT ENABLE” 
INPUTS 


DATA 
OUTPUTS 


TYPICAL CHARACTERISTIC CURVES 


500° 


POWER DISSIPATION (mW) 


TEMPERATURE (°C) 
POWER DISSIPATION vs. TEMPERATURE. 
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“CUSTOM BIT PATTERNS 


General Instrument makes use of proven computer techniques to 
provide fast and accurate generation of custom bit patterns. All 
necessary material, including the data pattern mask, test dataand 
check lists (for customer verification), ae computer-generated 
and cross-checked. For the full details on data specification, 
request the booklet “RO-5-8192/Custom Coding Information” 
from any GI Sales Office. _ : 


INTERFACE CIRCUIT—TTL/DTL 


4 OUTPUT LINES 


11 AODRESS LINES 4 ~ 


Crorat 


STO 
100 pF TL TTL /OTL 


sto 
TTL/OTL 


Vee ~ Veg =16.15V : 


ACCESS TIME (pS) 


- TEMPERATURE (°C) 
ACCESS TIME vs. TEMPERATURE 


RO-3-8316B RO-3-9316B 


RO-3-8316A  RO-3-9316A 


16384 Bit Static Read Only Memories 


850ns Maximum Access Time: RO-3-8316A/9316A 
Three-Stage Outputs—under the control of three 
mask-programmable Chip Select inputs to simplify 
memory expansion. 

@ Totally Automated Custom Programming. 

m Zener Protected Inputs. 

m Glass Passivation Protection. 


FEATURES 
m 20488 Organization—ideal for microprocessor PIN CONFIGURATION 
memory systems. 24 LEAD DUAL IN LINE 
w Single +5 Volt Supply RO-3-8316A/8316B 
g@ TTL Compatible—all inputs and outputs. 
@ Static Operation—no clocks required. Top View 
m 450ns Maximum Access Time: RO-3-8316B/9316B 24 D Veg (+5V) 
| 
| 


DESCRIPTION 


The General Instrument RO-3-8316A/8316B and RO-3- 
9316A/9316B are 16,384 static Read Only Memories organized as SUPE pra eine 

2048 eight bit words and are ideally suited for microprocessor RO-3-9316A/9316B 

memory applications. Fabricated in Gl’s advanced GIANT II N- Top View 
channel lon-Implant process to enable operation froma single +5 
Volt power supply, the RO-3-8316A/8316B and RO-3- 
9316A/9316B offer the best combination of high performance, 
large bit storage, and simple interfacing of any MOS Read-Only 
Memories available today. 

The RO-3-8316A/8316B are direct replacements in pin 
connection and operation for the Intel 8316A and 2316A. 

The RO-3-9316A/9316B pin configuration is identical to that of 
the Intel 2708 8K EPROM. 

A separate publication, “RO-3-8316A/8316B and RO-3- 
9316A/9316B Custom Coding information,” available from Gl 
Sales Offices, describes the punched card and truth table format 
for custom programming. 


H] Voc (+5V) 


BLOCK DIAGRAM 


MEMORY 
ADDRESS MATRIX 


DECODE 2048 X 8 


ADDRESS 
INPUT 
BUFFERS 


OUTPUT 
BUFFERS 


CHIP 
pare SELECT 


CHIP 


INPUT 


BUFFERS DECODE 
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RO-3-8316A = RO-3-8316B = RO-3-9316A = RO-3-9316B 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Vcc and input voltages (with respect to GND) ... . —0.3V to+8.0V 
Storage Temperature... ............ —65°C to +150°C 


Operating Temperature (Ta)... ........0.. 0°C to +70°C 


Standard Conditions (unless otherwise noted) 


Vcc = +5 Volts +5% , 
Operating Temperature (Ta) = 0°C to +70°C 
Output Loading: One TTL load, Cx rotar = 30pF. 


“Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied—operating ranges are specified 


below. 


RO-3-8316A/9316A and RO-3-8316B/9316B 


Characteristic | Sym | oMim | typ | Max | Units 


DC CHARACTERISTICS 


Address, Chip Select, 
Latch Inputs 

Logic “1” 

Logic “0” 

Leakage 

Data Outputs 

Logic “1” 

Logic “0” 

Leakage 

Power Supply Current 


lee 


V 
V 
uA 
V 
V 
BA 
mA 
mA 


RO-3-8316A/9316A 


AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time 

Capacitance 


Data Outputs 
Access Time 
Chip Select Response Time 
Capacitance 


RO-3-8316B/9316B 


AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time 

Capacitance 

Data Outputs 

Access Time 

Chip Select Response Time 
Capacitance 


*“Typical values are at +25°C and nominal voltages. 
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Conditions 


lon = 100pA 
lor = 1.6mA 


Outputs open 
(RO-3-8316A/9316A) 

Outputs open 
(RO-3-8316B/9316B) 


f=IMHz 


f=IMHz 


f=IMHz 


f=iIMHz 


RO-3-8316A = RO-3-8316B = RO-3-9316A = RO-3-9316B [a} 


TYPICAL SYSTEM APPLICATION 


A complete system of 16K words of ROM (8 bits/word) is easily 
obtained without any external address decoding by making use 
of programmable chip select features and by wiring the outputs 
of eight different RO-3-8316’s as shown in the figure below. 


CHIP SELECT TABLE 


DEVICE 
SELECTED 


—-=_aOoe-d0da0 


ADDRESS BUS 

(AO-AIO) 

CHIP SELECT Bus* 
(CS,-CS,) 


RO-3-8316 
16K5 


RO-3-8316 
|I6K6 


RO-3- 8316 
I6K7 


RO-3-8316 
I6K4 


RO-3-8316 
I6K3 


RO-3-8316 
t6K2 


RO-3-8316 
16KO 


RO-3-8316 
16KI 


OUTPUT BUS 
(0, - Og) 


* UTILIZED AS ADDRESSES A,,-Aj3 


TIMING DIAGRAMS 


ADDRESS 
INPUTS 


DATA 
OUTPUTS 


ACCESS TIME (ADDRESS TO OUTPUT—CHIP SELECTED) 


CHIP NOT 4 SELECTED 


SELECT SELECTED (AS PROGRAMMED) 


INPUTS 


DATA OUTPUTS ~ 2.0 
OUTPUTS » HIGH _. 45 
IMPEDANCE ° 


CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE) 
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[a] RO-3-8316A = RO-3-8316B = RO-3-9316A =» RO-3-9316B 


TYPICAL CHARACTERISTIC CURVES 


fe he eee) 


Cs ce OO Ae 
Nell lees ea 
tte 


fs 


E 600 aa 3 
glee od ee 
Sees 
or a Oe Ce Oe 
O 20 40 60 
TEMPERATURE (°C) TEMPERATURE (°C) 
RO-3-8316A/9316A RO-3-8316B/9316B 
Fig.1 ACCESS TIME VS. TEMPERATURE 
MRE H+ Ea seed 
700 
tad y | eae 
= La aA Gagged 
, EReEas a eee 
“600 fe eee a se 
2 Se aAtaee eens 
ss ee ie eld | ee 
i ee ee 
se bas Eoted eal 
Le eeeae Ea ea| 
1.5 ee 1.9 2.1 2.3 5 
Voy (VOLTS) Voy (VOLTS) 
RO-3-8316A/9316A RO-3-8316B/9316B 
Fig.2 ACCESS TIME VS. OUTPUT VOLTAGE 
SRR a ae 
Pe ie 5 a 
Fel ee 
- ; See Te ee 
E é eae eee 
E Sein. -2 se 
Ee eee Me fet Ue 
Bene eee 
ee oe ae es 
20 40 60 80 
TEMPERATURE (°C) TEMPERATURE (°C) 
RO-3-8316A/9316A RO-3-8316B/9316B 


Fig.3 POWER SUPPLY CURRENT VS. TEMPERATURE 


276 


RO-3-8316A = RO-3-8316B = RO-3-9316A = RO-3-9316B [=] 


TYPICAL CHARACTERISTIC CURVES 


SR eRe Roe 


a cel as asl we Peer | 


130 


- Hp ttt poh | dbp 
é tt € gS 
oe ee com eee oe Te eae 
i Be i a i 
ee ee ee aa 
4.6 4.8 5.0 5.2 5.4 4.6 48 5.0 5.2 5.4 
Veg (VOLTS) Veg (VOLTS) 
RO-3-8316A/9316A RO-3-8316B/9316B 


Fig.4 POWER SUPPLY CURRENT VS. SUPPLY VOLTAGE 


ss 
(Cee ere 
. eel 
oe a 
a a Fe a 
2 COVE 
BP ae eee es 
1 


Vo, (VOLTS) 
RO-3-8316A/8316B, RO-3-9316A/9316B 
Fig.5 OUTPUT SINK CURRENT VS. OUTPUT VOLTAGE 


Seeger, a 
Fe 


JPReerereee 
oe 
¢ ERECT 
CONT 
Pr 
CCCP NEE 
CCCs 
CCCP 
Von | VOLTS } 


RO-3-8316A/8316B, RO-3-9316A/9316B 
Fig.6 OUTPUT SOURCE CURRENT VS. OUTPUT VOLTAGE 
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RO-3-1 6384 


16384 Bit Static Read Only Memory 


FEATURES 


PIN CONFIGURATION 
24 LEAD DUAL IN LINE 


m@ 4096~x4 Organization 

@ Single +5 Volt Supply 

@ TTL/DTL Compatible 

@ Static Operation—no clocks required 

m Address/Chip Select Latch Input—may be used to gate in new 
Address or Chip Select Inputs 

= 1 us Maximum Access Time Top View 

@ 250 mW Typical Power 

@ Three-State Outputs—under control of 3 programmable 
Chip Select Inputs. 

m Totally Automated Custom Programming 

m Zener Protected Inputs 

w Glass Passivation Protection 


DESCRIPTION 


The General Instrument RO-3-16384 is a 16,384 bit static Read- 
Only-Memory. It is organized as 4096 four bit words and requires 
12 bits of addressing. Three programmable Chip Select inputs 
are provided to simplify the connection of several ROMs to a 
common bus. The RO-3-16384 is constructed on a single 
monolithic chip utilizing low-voltage N-channel lon Implant 
technology. 


A separate publication, “RO-3-16384 Custom Coding 
Information,” available from GI! Sales Offices, describes the 
punched card and truth table data format for custom 
programming of the RO-3-16384 memory. 


BLOCK DIAGRAM 


ADDRESS'/CS LATCH 


AO 
Al 
A2 


A3S 


ADDRESS MEMORY OUTPUT 


A4Y MATRIX 
ai DECODE 4096x4 BUFFERS 


A6 
A7 
A8 


A9 


BU 
REGISTER 


CHIP 
SELECT 
DECODE 
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RO-3-16384 [al 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


: : “Exceeding these ratings could cause 
Vcc and input voltages (with respecttoGND) ..... oy to 50V permanent damage. Functional operation of 
Storage Temperature ..............4.4. —65°C to +150°C ; : ie 
” 2 this device at these conditions is not 
Operating Temperature (Ta)... 2... 2... we, 0°C to +70°C : . : ns 
implied—operating ranges are specified 
below. 


Standard Conditions: (unless otherwise noted) 


Vcc = +5 volts + 5% 
Operating Temperature (T,) = 0°C to +70°C 
Output Loading: One TTL load, Cx tota} = 50 pF. 


Characteristic Conditions 


DC CHARACTERISTICS 
Address, Chip Select, Latch Inputs 
Logic “1” | 
Logic “0” 

Leakage 

Data Outputs 

Logic “1” 

Logic “0” 

Leakage 

Power Supply Current 


lec 


lon = 100uA 
lol = 1.6mMA 


Outputs open 


AC CHARACTERISTICS 


Address, Chip Select Inputs 
Cycle Time 

Set-up Time 

Hold Time 

Capacitance 


Latch Input 
Pulse Width 


Data Outputs 

Access Time 

Chip Select Response Time 
Capacitance 


f= 1IMHz 


Latch at +5V 
= 1MHz 


**Typical values are at +25°C and nominal voltages. 


TIMING DIAGRAMS 


ADDRESS / 
CHIP, SELECT 
INPUTS 


ADDRESS 
INPUTS 


ADDRESS/ 
DATA 
CHIP SELECT 
OUTPUTS LATCH 


CHIP SELECT 
INP 


DATA 
aS ee ee ee ee oe ee oe OUTPUTS 


WITH LATCH INPUT HELD AT +5V WITH LATCH INPUT UTILIZED 
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RO-3-16384 


TYPICAL CHARACTERISTIC CURVES 


SGNODSSONUWN 29%) 


TEMPERATURE, °C 


TEMPERATURE, °C 


SONOOSSONUN 299) 


Voy VOLTS 
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RO-3-20480 


20480 Bit Static Read Only Memory 


FEATURES 


2048 x10 Organization—ideal for microprocessor 
memory systems. 

Single +5 Volt Supply. 

TTL/DTL Compatible 

Static Operation—no clocks. 

500ns Maximum Access Time 

250mW Typical Power 

Three-State Outputs—under control of Output Inhibit. 


DESCRIPTION 


The General Instrument RO-3-20480 is a 20,480 bit static Read 
Only Memory ideally suited for microprocessor memory 
applications. Fabricated in Gl’s advanced GIANT II N-channel 
lon-Ilmplant process to enable operation from a single +5 Volt 
power supply, the RO-3-20480 offers high performance, large bit 
storage, and simple interfacing. 


BLOCK DIAGRAM 


INPUT ADORESS 
BUFFER DECODE 


PIN CONFIGURATION 
24 LEAD DUAL IN LINE 


Top View 


[) Output Inhibit 


OUTPUT 
INHIBIT 


MEMORY 


MATRIX 
2048 x 10 BUFFERS 


OUTPUT 
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GENERAL 


INSTRUMENT 


AY -5-2376 
AY -5-3600 
RO-5-2240S 
RO-3-2513 
RO-5-5184 


t 


GENERAL 


AY-5-2376 


INSTRUMENT 


Keyboard Encoder 
FEATURES 


ws One integrated circuit required for complete keyboard 
assembly. 
8 Outputs directly compatible with TTL/DTL or MOS logic 


PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


arrays. Top View 
= External control provided for output polarity selection. LH Frequency Control A 
# External control provided for selection of odd or even parity. Frequency Control BC 
@ Two key roll-over operation. Frequency Control C © 
g@ N-key lockout. Shift Input O 
= Programmable coding with a single mask change. Control Input 


@ Self-contained oscillator circuit. Parity Invert Input Keyboard Matrix 
®@ Externally controlled delay network provided to eliminate the Parity Output CJ Outputs 

effect of contact bounce. Data Output B6 L 
a Static charge protection on all input and output terminals. Data Output 87 L) 


a Entire circuit protected by a layer of glass passivation. Dele Culpuree 
Data Output BS O 


Data Output B47 
Data Output B3 ( 


DESCRIPTION Data Output B2 O 
Data Output B81 Keynoacd tain 
The General Instrument AY-5-2376 is a 2376 Bit Read Only Strobe Output eka is 


: : ; : Input 
Memory with all the logic necessary to encode single pole single meee 


throw keyboard closures into a usable 9-bit code. Data and . 
strobe outputs are directly compatible with TTL/DTL or MOS - __ Strobe Control Input C 
logic arrays without the use of any special interface components. Pelee coos Inveltinpot 
The AY-5-2376 is fabricated with MINS technology and contains 
2942 P-channel enhancement mode transistors on a single 
monolithic chip. 


BLOCK DIAGRAM 


yo Y¥1 Y2 Y3 Y4 YS Y6 Y7 Y8 Y9 Y10 


31 27 
eS - 
Voc 2 >» 
Vol —>4 OSCILLATOR 
vec} ie 
| FREQUENCY 
| Y10 
| : 
| 


CLOCK 
CONTROL 


11 STAGE RING COUNTER - 


SHIFT INPUT ——= L | ge ae Se 
Y x KER RRRERRE 
CONTROL INPUT._® Roe 37 2 
2076.17 ROM = al a Cee ee ARERR 
warrxoorevsxauooe PP Pe ee ee ea 
aa _ Pow se TT 
CONTROL INPUT 49 | 
PO} Devay es Rec ee Ree 
C1 
a1 | aes Lee ee seg 


INVERT INPUT TTL/OTL/MOS 


a 
\ COMPATIBLE ma 
PARITY INVERT 6 OUTPUT DRIVERS x TYPICAL SWITCH 
tNPUT | 7 
L. AY -8- 2376 | 
7} 8} 9} 10/15] 12] 13] 14] 18 


16 


| ea | 88 SPST KEYBOARD SWITCHES 
DATA ANDO STROBE 20 1X 


* RI {pe0KOHMS), Ct (.004uF) 
STROBE OUTPUT PROVIDE APPROX. 1.5mS DELAY 
** R2 100K), C2 (30pF) 
88 87 86 BS B4 B3 B2 BI - PROVIDE 50 KHz CLOCK FREQUENCY 
Pee eee +++ EXTERNAL CLOCK INPUT (OPTION) 


DATA OUTPUTS 
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i 


OPERATION 


The AY-5-2376 contains (see Block Diagram), a2376-bit ROM, 8- 
stage and 11-stage ring counters, an 11-bit comparator, an os- 
cillator circuit, an externally controllable delay network for elim- 
inating the effect of contact bounce, and TTL/DTL/MOS 
compatible output drivers. 


The ROM portion of the chip is a 264 by 9 bit memory arranged 
into three 88-word by 9-bit groups. The appropriate levels on the 
Shift and Control Inputs selects one of the three 88-word groups; 
the 88-individual word locations are addressed by the two ring 
counters. Thus, the ROM address is formed by combining the 
Shift and Control Inputs with the two ring counters. 


The external outputs of the 8-stage ring counter and the externa! 
inputs to the 11-bit comparator are wired to the keyboard to form 
an X-Y matrix with the 88-keyboard switches as the crosspoints. 
In the standby condition, when no key is depressed, the two ring 
counters are clocked and sequentially address the ROM; the 
absence of a Strobe Output indicates that the Data Outputs are 
‘not valid’ at this time. 


When a key is depressed, a single path is completed between one 
output of the 8-stage ring counter (XO thru X7) and one input of 
the 11-bit comparator (YO-Y10). After a number of clock cycles, a 
condition will occur where a level on the selected path to the 
comparator matches a level on the corresponding comparator 


TIMING DIAGRAM 


SWITCH 
CLOSURE 


AY-5-2376 [=] 


input from the 11-stage ring counter. When this occurs, the 
comparator generates a signal to the clock control and to the 
Strobe Output (via the delay network). The clock control stops 
the clocks to the ring counters and the Data Outputs (B1-B9) 
stabilize with the selected 9-bit code, indicated by a ‘valid’ signal 
on the Strobe Output. The Data Outputs remain stable until! the 
key is released. 

As an added feature two inputs are provided for external polarity 
control of the Data Outputs. Parity Invert (pin 6) provides polarity 
control of the Parity Output (pin 7) while the Data and Strobe 
invert input (pin 20) provides for polarity control of Data Outputs 
B1 thru B8 (pins 8 thru 15) and the Strobe Output (pin 16). 


SPECIAL PATTERNS 


Since the selected coding of each key is defined during the 
manufacture of the chip, the coding can be changed to fit any 
particular application of the keyboard. Up to 264 codes of up to 8 
bits (plus one parity bit) can be programmed into the AY-5-2376 
ROM cévering most popular codes such as ASCII, EBCDIC, 
Selectric, etc., as well as many specialized codes. The ASCII! 
code is available as a standard pattern. 


SWITCH 
RELEASE 


MINIMUM SWITCH CLOSURE 


STROBE WIDTH 


SWITCH 
BOUNCE 


88 CLOCK 
CYCLES 
SWITCH STROBE 
BOUNCE DELAY 


Y KEYBOARD 
MATRIX OUTPUT 


STROBE 
OUTPUT 


Sus 
DATA VALID 


MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88 X 1/f) + STROBE DELAY + STROBE WIDTH 


Y y 


MAXIMUM DETERMINED BY 
EXPECTED EXTERNAL RC 
DETERMINED 

BY FREQUENCY 

OF OPERATION 

(EXTERNAL RC) 


MINIMUM TIME 
REQUIRED BY 
EXTERNAL 
CIRCUITRY 
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[a] -AY-5-2376 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings 


Voi and Vac (with respect toVcc) ....... —20V to +0.3V 
Logic input voltages (with respect to Vcc) . . .—-20V to +0.3V 
Storage Temperature. .......... —65°C to +150°C 
Operating Temperature Range ........ 0°C to +70°C 


Standard Conditions (unless otherwise noted) 
Vcc = +5 Volts + 0.5 Volts, 


“Exceeding these ratings could cause permanent damage. 
Functional operation of this device at these conditions is not 
implied—operating ranges are specified below. 


(Vcc = Substrate Voltage) 


Voc = —12 Volts + 1.0 Volts, Vcr = GND. Operating Temperature (Ta) = 0°C to +70°C 


Characteristics 


Clock Frequency 


Data Input 
(Shift, Control, Parity 
invert, data& strobe invert). 
Logic “O” Level Vio 
Logic “1” Level Vis 


Shift & Control Input 
Current lins,c 


Data, Parity Invert Input 
Current linp,P 

X Output (X_-X,) 
Logic “1” Output Current Ix 


Logic “0” Output Current 


Y Input (Yo- Yio) 
Trip Level 


Hysteresis 


Selected Y Input Current 


Unselected Y Input Current 


Input Capacitance 

Switch Characteristics 
Minimum Switch Closure 
Contact Closure 
Resistance 


Strobe Delay 
Trip Level (Pin 19) 
Hysteresis 
Quiescent Voltage (Pin 19) 
Data Output (B,-B,) 
Logic “0” 
Logic “1” 
Power 
lec 
loc 


**Typical values at +25°C and nominal voltages. 


ee ee 
f 10 50 


NOTE 1. Hysteresis is defined as the amount of return required to unlatch an input. 
2. Guaranteed number of X & Y loads which may be applied to an X output = eleven. 
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‘Conditions 


See Block diagram 
footnote** for typical 
R - C values 


Vi=+5V 
Vi= OV 


Vi=—5V to +5V 


Vout = Vcc 

Vout = Vcc —1.3V 
Vout = Vcc —2.0V 
Vout = Vcc ~5V 
Vout = Vcc — 10V 
Vout = Vcc 

Vout = Vec —1.3V 
Vout = Vcc —2.0V 
Vout = Vcc —5V 
Vout _ Vec —10V 


Y Input Going 
Positive 

Note 1 

Note 2 

Vin = Vec 

Vin = Vcc —1.3V 
Vin = Vcc —2.0V 
Vin = Vcc —5V 
Vin = Vec —10V 
Vin = Vee 

Vin = Vcc —1.3V . 
Vin = Vec —2.0V | 
Vin = Vec —10V 
at OV e 


See Timing Diagram 


See Note 1 
With 680K2. to Vss 


lo. = 1.6ma 
lon—100ya 


Vcc = +5V 
Vac =—-12V 


AY-5-2376 [a] 


TYPICAL CHARACTERISTIC CURVES 


R = 100KiOhms 
Ta = +25°C 
Nominal Voltages 


DELAY (mS) 


FREQUENCY (KHz) 


(002 .003 006 .01 .015 022 033 
CAPACITANCE (uF) 


STROBE DELAY VS. C1 OSCILLATOR FREQUENCY VS. C2 


CAPACITANCE (pF) 


NOMINAL SUPPLY VOLTAGE 


TYP POWER mw 


Rp (ON) OHMS 


25 20 «#415 ~=«10 
Vgg VOLTS ‘TEMPERATURE °C 


TYPICAL OUTPUT ON RESISTANCE TYPICAL POWER CONSUMPTION 
(Roon) VS. GATE BIAS VOLTAGE (Vg¢s) (mW) VS. TEMP (C°) 


ae dai TO 
KEYBOARD INTERNAL 


INPUT GATING 
T | 
Lt a COUNTER 
STATIC CHARGE INFOS 


Scns CHARGE 
PROTECTION DEVICE PROTECTION DEVICE 


OUTPUT DRIVER “Y” INPUT STAGE FROM KEYBOARD 


TO KEYBOARD 


COUNTER 5 | 
INPUT 
STATIC CHARGE 
PROTECTION DEVICE 
_ Vee 
“X” OUTPUT STAGE TO KEYBOARD . 
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AY-5-2376 | 


STANDARD CODE ASSIGNMENT CHART 


: ie 
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Illustrated using a Logic “O” on the Data and Strobe Invert Input (Pin 20) and the Parity Invert Input (Pin 6). 


NOTE 1 


tputs B1-B7. 


ing on ou 


luded as an odd parity bit operat 


Is Inc 


8 bit ASCII code (B1-B8). Output B9 


This code is an 


“EXAMPLE 


B1 B2 B3 B4 B5 B6 B7 B8 PARITY 


OUTPUT LOGIC “1%. (SEE DATA B1 — B8) 


NORMAL MODE 
SHIFT MODE 
CONTROL MODE 


SS SS Se CONTROL 


(CODE REPRESENTITIVE OF KEY DEPRESSION AT 


BIT 
9 
—-~—----- - -8- —- —> SHIFT 
LOCATION X9 — Yg AND PROPER MODE SELE 


LOGIC "0" = GND 


CTION) 


TRUTH TABLES 


PARITY INVERT TRUTH TABLE 


DATA (B1-B8) INVERT TRUTH TABLE 


PARITY 
OUTPUT 
(PIN 7) 


ZnO0O 
tol wu 
jolooo 


ln Nl w 


CODE 
ASSIGNMENT 
CHART 
MODE SELECTION 


PARITY 
INVERT INPUT 
(PIN 6) 


DATA 
OUTPUTS 
(B1-B8) 
STROBE 
OUTPUT 
(PIN 16) 


CODE 
ASSIGNMENT 
CHART 
INTERNAL 
STROBE 


STROBE INVERT TRUTH TABLE 


DATA AND STROBE 
INVERT INPUT 
(PIN 20) 


DATA AND STROBE 
INVERT INPUT 
(PIN 20) 
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AY-5-3600 


Keyboard Encoder 
FEATURES 


® One integrated circuit required for complete keyboard assembly. Ce 

@ N key rollover or lock out operation. 

® Quad mode operation. 

® Lock out/rollover selection under external control (option). 

® Self-contained or slave oscillator circuit. 

® 10 output data bits available. TOP ViOw 

® Outputs directly compatible with TTL/DTL or MOS logic arrays. OptionCle 1 

® Output data buffer register included. 

® Output enable provided (option). See next page 

@ External data complement control provided (option). 

® Pulse or level data ready output signal provided (option). 

= “Any Key Down” output provided (option). Data Output 69 C 

@ Externally controlled delay network provided to eliminate the sae nies a z= 
effect of contact bounce. ae eee ee 

.@ Programmable coding with a single mask change. Data Output 85 C 

® Static charge protection on all input and output terminals. 


‘ . A f : : Data Output B4 
® Entire circuit protected by a layer of glass passivation. Data Output 83 


Data Output B2 (© 


DESCRIPTION Data Output 81 C 


The General Instrument AY-5-3600 is a Keyboard Encoder Voo C 
containing a 3600 bit Read Only Memory and all the logic Delerieady.C 
necessary to encode single pole single throw keyboard closures 
into a usable 10 bit code. Data, Any Key Down and Data Ready 
outputs are directly compatible with TTL/DTL or MOS logic 
arrays without the need for any special interface components. 
The AY-5-3600 is fabricated with MINS technology and contains 
5000 P channel enhancement mode transistors on a single 
monolithic chip. 


ee a) ee ee ee ee ee ee ee fe) 
DONOR ERONBZAOPTVAGSO 


NM 
© 


BLOCK DIAGRAM 


od jal cas <a ae | EXTERNAL CLOCK 
yo ee We ie ee -| INPUT (OPTION) 


FREQUENCY 
10 BIT COMPARATOR CONTROL 


| lk Bil STAGE 
| lk Bil COUNTER 


“4 

Voo 

ron od 
sl 


SRE RIISR 


(-<— LOCKOUT/ ROLLOVER (OPTION) 

COMPLEMENT THLsOTL/Mos 

CONTROL CHIP ENABLE (OPTION) 

{OPTION} ourrur™ DRIVERS 

- NOTE: REFER TO FIG.1 FOR bee PIN SELECTION, 

RI (100K a) Cl (aSpF: 
Sy 6y 7] 6] Syidy 11) 12) 13/14 PROV APPROX. hue CLOCK FREQ. 
443 C2 Aaa DELAY/ GPF) R2 SUPPLIED INTERNALLY. 

B10 89 68 87 8685 8463 62 BI 


##U DIODES NECESSARY FOR COMPLETE nKEY 
ROLLOVER OPERATION. 


289 


[aj AY-5-3600 


CUSTOM CODING INFORMATION 


The custom coding information for General Instrument’s AY-5- 

3600 Keyboard Encoder ROM should be transmitted to General 

Instrument in the form of 80 column punched cards. Each ROM 

pattern requires 92 cards (1 title card, 1 circuit option card and 90 
ROM pattern cards). (See Note 1) 


If it is not possible to supply punched cards, then the Truth Table 
should be completed (See Note 1). However, there would be a 


PIN OPTIONS 


Pins 6-40 of the AY-5-3600 are permanently assigned. The func- 
tions assigned to pins 1-5 depend on which functional options are 
selected from the following: 


External Clock 

—requires one package pin to input an external clock source. 

Internal Oscillator 

—requires three package pins interconnected with an external 
RC network to develop the clock required. 

Lockout/Rollover (LO/RO) 

—requires one package pin to externally select N-Key Lockout or 
N-Key Rollover. LO = +5V, RO= GND. 

Complement Control (CC) 

—requires one package pin to externally control the logic state of 
the data bits (B1-B10) and, if required, the Data Ready output. 


substantial savings in both the coding charge and turn-around 
time if punched cards were used. Upon receipt of the punched 
cards or the Truth Table, General Instrument will prepare a 
computer-generated Truth Table which will be returned to the 
user for verification. 


NOTE 1: Card and Truth Table format available upon request. 


Chip Enable (CE) 

—requires one package in to control the data bits (B1-B10) and, 
if required, the Data Ready and Any Key Output. 

Any Key Output (AKO) 

—requires one package pin to indicate a key depression. 
Output Data Bit 10 (B10) 

—requires one package pin when ten data bits are required to 
encode each key. 


Select the pin options desired: 

External Clock + 4 of the following functions 
OR 

Internal Oscillator + 2 of the following functions 

LO/RO, CC, CE, AKO, BIO 


The following chart lists the pin assignments according to the functions selected above: 


External Clock 
External Clock 
External Clock 
External Clock 
External Clock 


Internal Oscillator 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings“ 


Vpp and Vac (with respect toVcc) .. 2... 2... —20V to +0.3V 
Logic input voltages (with respect toVcc) ...... —20V to +0.3V 
Storage Temperature... .........4.. —65°C to +150°C 
Operating Temperature Range. ........... 0°C to +70°C 


Standard Conditions (unless otherwise noted) 


Vcc = +5 Volts +0.5 Voits 

Voc = —12 Volts +1.0 Volts, Vop = GND 

(Vcc = Substrate Voltage) 
Operating Temperature (Ts)= 0°C to +70°C 
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“Exceeding these ratings could cause. 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


ELECTRICAL CHARACTERISTICS 


sym | min | tye | Max | Unite 
f 10 50 100 KHz 


Characteristics 


Clock Frequency 


External Clock Width 
Data & Clock Input 
(Shift, Control, 
Compliment Control, 
Lockout/Rollover, 
Chip Enable 
& External Clock) 
Logic “O” Level 
Logic “1” Level 
Shift & Control Input 
Current 
X Output (X_-X3) 
Logic “1” Output Current 


Logic “0” Output Current 


Y Input (Y,-Yo) 
Trip Level 
Hysteresis 
Selected Y Input Current 


Unselected Y Input Current 


Input Capacitance 


X-Y Precharge 
Characteristics 


Switch Characteristics 
Minimum Switch Closure 
Contact Closure 

Resistance 


Strobe Delay 
Trip Level (Pin 31) 
Hysteresis 
Quiescent Voltage (Pin 31) 
Data Output (B1-B10), 
Any Key Down Output, 
Data Ready 
Logic “0” 
Logic “1” 


Power 
lec 
loc 


AY-5-3600 [a} 


Conditions 


See Block diagram footnote” 
for typical R-C values 


V,=+5V 


Vour = Vcc (See Note 2) 
Vour = Vec—1 OV 

Vout = Vcc-2.0V 

Vour = Vcc—5V 

Vour = Vcc—10V 

Vout = Vcc 

Vout = Vcc—1.3V 

Vout = Vec-2.0V 

Vout = Vec—-5V 

Vout = Vcc—10V 


Y Input Going Positive (See Note 2) 


(See Note 1) 
Vin = Vec 

Vin= Vec—1 OV 
Vin = Vec—2.0V 
Vin = Vec~5V 
Vin = Vec—10V 
Vin = Vec 

Vin — Vec~1 OV 
Vin = Vec—2.0V 
Vin = Vec—5V 
Vin a Vec—10V 
at OV (All Inputs) 


V=Vece 
V = Vcc—5 (See Note 2) 


See Timing Diagram 


(See Note 1) 
With Internal Switched Resistor 


lol. =1.6mA 
lon =1.0MA 
lon = 2.2MA 


Vcc = +5V 
Voc = —12V 


**Typical values are at +25°C and nominal voltages. 
NOTE 


|. Hysteresis is defined as the amount of return required to unlatch an input. 
2.Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 
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OPERATION 


The AY-5-3600 contains (see Block Diagram), a 3600 bit ROM, 9- 
stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys 
for n key rollover operation, an externally controllable delay 
network for eliminating the effect of contact bounce, an output 
data buffer, and TTL/DTL/MOS compatible output drivers. 


The ROM portion of the chip is a 360 by 10 bit memory arranged 
into four 90-word by 10-bit groups. The appropriate levels on the 
Shift and Control Inputs selects one of the four 90-word groups; 
the 90-individual word locations are addressed by the two ring 
counters. Thus, the ROM address is formed by combining the 
Shift and Control Inputs with the two ring counters. 


The externai outputs of the 9-stage ring counter and the external 
inputs to the 10-bit comparator are wired to the keyboard to form 
an X-Y matrix with the 90-keyboard switches as the crosspoints. 
In the standby condition, when no key is depressed, the two ring 
counters are clocked and sequentially address the ROM, thereby 
scanning the key switches for key closures. 


When a key is depressed, a single path is completed between one 
output of the 9-stage ring counter (XO thru X8) and one input of 
the 10-bit comparator (Y)-Y9). After a number of clock cycles, a 
condition will occur where a level on the selected path to the 
comparator matches a level on the corresponding comparator 
input from the 10-stage ring counter. 


N KEY ROLLOVER . 
— When a match occurs, and the key has not been encoded, the 
switch bounce delay network is enabled. If the key is still de- 


TIMING DIAGRAM 


SWITCH 
CLOSURE 


pressed at the end of the selected delay time, the code for the 
depressed key is transferred to the output data buffer, the data 
ready signal appears, a one is stored in the encoded key memory 
and the scan sequence is resumed. If a match occurs at another 
key location, the sequence is repeated thus encoding the next 
key. If the match occurs for an already encoded key, the match is 
not recognized. The code of the last key encoded remains in the 
output data buffer. 


N KEY LOCKOUT | 

— When a match occurs, the delay network is enabled. If the key 
is still depressed at the end of the selected delay time, the code 
for the depressed key is transferred to the output data buffer, the 
data ready signal appears and the remaining keys are locked out 
by halting the scan sequence. The scan sequence is resumed 
upon key release. The output data buffer stores the code of the 
last key encoded. 


SPECIAL PATTERNS 

— Since the selected coding of each key and all the options are 
defined during the manufacture of the chip, the coding and 
options can be changed to fit any particular application of the 
keyboard. Up to 360 codes of up to 10 bits can be programmed 
into the AY-5-3600 ROM covering most popular codes such as 
ASCII, EBCDIC, Selectric, etc., as well as many specialized 
codes. The ASCII code in conjunction with internal oscillator, 10 
data outputs and any key down output, is available as a standard 
pattern (See Figure 2) for special patterns and options. 


SWITCH 
RELEASE 


MINIMUM SWITCH CLOSURE 
90 CLOCK CYCLES 


SWITCH STROBE. 
BOUNCE 


KEY 
CLOSURE 


DATA READY 
STROBE 


DATA 
OUTPUT 


ANY KEY 
DOWN 
OUTPUT 


ROLLOVER 


RESETS AT FIRST Xo Yo 
‘PF AFTER FIRST Xi Y1 


RESUME SCAN FOR—* 


n KEY ROLLOVER | 


RESUME SCAN FOR 
n KEY LOCKOUT 


MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (90x+) + STROBE DELAY + STROBE WIOTH 


Y 


MAXIMUM 
EXPECTED 
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DETERMINED BY 
EXTERNAL C 


MINIMUM TIME 
REQUIRED BY 
EXTERNAL 

(EXTERNAL RC) CIRCUITRY 


DETERMINED 


[J 


AY-5-3600 


CONFIGURATION & CODE OF STANDARD ENCODER 


fi 
a 


1 f segeetenecesssccreeeesteeve'r sate f-t"e 
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* 
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NORMAL 
SHIFT 


10 


MODE SELECTION 


0 


on 
° 
@ 


Xx 


B2 B3 B84 BS BE 87 BS BY BIO 
(SEE DATA Bi- 


\ 
I % 
} rue OUTPUTS 


—-@-——--—-—--—--——— —————#®  SOH CONTROL 
bee ee eee SOH SHIFT CONTROL 


(CODE REPRESENTITIVE OF KEY DEPRESSION AT 


—-m-—--——--+-58 -# --—8 
—m@—--—-—-—---—H -# --—#8 


— a Gee aap ce ce om oe on oe 


LOCATION Xg-Yg AND PROPER MODE SELECTION) 


NORMAL MODE 
S = SHIFT MODE 


C = CONTROL MODE 
SC = SHIFT CONTROL 


@ = OUTPUT LOGIC 


LOGIC "I" = Vec 
LOGIC "O" = Vop 


N 


i 


EXAMPLE 


[=] AY-5-3600 


[se 
my" 


TO 
KEYBOARD — > INTERNAL 
INPUT GATING TO KEYBOARD | 


T 
| COUNTER 
STATIC INP 
snes uF STATIC 


Veg 
PROTECTION . CHARGE 
Vv COUNTER PROTECTION 
DEVICE cc INPUT | DEVICE 
“Y” INPUT STAGE FROM KEYBOARD Vee 
“X” OUTPUT STAGE TO KEYBOARD 
OUTPUT 
INPUT T STATIC 
CHARGE 
PROTECTION 
. DEVICE 
ce 


Vec cc 


OUTPUT DRIVER 


NOTE: Output driver capable of driving one TTL load with no 
external resistor. 

Capable of driving two TTL loads using an external 6.8KO resis- 
tor to Vac. 


TYPICAL CHARACTERISTIC CURVES 


R = 100KN 

Ta = 25°C 
NOMINAL SUPPLY 
VOLTAGE 


CAPACITANCE (pF) 


NOMINAL VOLTGE 
DELAY = 300nSEC/Cof ' 


rh 
2 
uw 
S) 
a 
= 
cS) 
< 
Q, 
< 
co) 


Delay (mS) FREQUENCY (KHz) 


Fig.4 STROBE DELAY vs. C, Fig.5 OSCILLATOR FREQUENCY vs. C2 


NOMINAL SUPPLY VOLTAGE _ | 


Vec =+5V 
V6G =~12V 
Ver = GND 


Ro (on) OHMS 


TYP. POWER mW 


30 25. 20 15 10 
Ves VOLTS 20 30 40 50 60 70 


TEMPERATURE °C 
Fig.6 TYPICAL OUTPUT ON RESISTANCE 
(Rpon) vs. GATE BIAS VOLTAGE (Vgs) Fig.7_ TYPICAL POWER CONSUMPTION (mW) 
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Character Generator 


FEATURES 


@ FULL TTL/DTL COMPATIBILITY 
No external interfacing components required. 

@ 1 us TYP. ACCESS TIME/STATIC OPERATION 
The output data remains valid as long as the input 
data/internal counter remain unchanged. 

® COLUMN OUTPUT 
2240 bits of storage organized as 64 57 dot matrix 
characters with column by column output. 

@ INTERNAL COUNTER 
Provides sequential column selection from a single counter 
clock input. 

8B COUNT CONTROL 
Allows the selection of either one or two column 
intercharacter spacing. 

@® COUNTER OUTPUT 
Provides an “update” signal for external character address 
registers. 

@ BLANKING AND OUTPUT ENABLE 
Provide full output control without affecting any other ROM 
function. 

@ ZENER PROTECTED INPUTS 

® GLASS PASSIVATION PROTECTION 


DESCRIPTION 


The General Instrument RO-5-2240S is a 2240 bit Read Only 
Memory organized as a 320 words X 7 bits character generator 
(64 characters, each having 5 columns of 7 bits). Column by 
column character data is provided for vertical scan display ap- 
plications. An internal counter and a full complement of control 
Signals allow for the greatest system design flexibility. The 


PIN CONFIGURATION 
24 LEAD DUAL IN-LINE 


Top View 


RO-5-2240S is constructed on a single monolithic chip utilizing 
P-channel enhancement mode transistors. 


The memory is available with custom character coding or pre- 
programmed with ASCII encoded characters having the fonts 
shown on Page 2 of this data sheet. 


BLOCK DIAGRAM 


COUNT COUNTER 
CONTROL RESET 


ae =a 


COUNTER 
OUTPUT 


DECODER 


| CHARACTER MEMORY 
ADDRESS [  — MATRIX SOFEERS 
| DECODE (2240 BITS) | 
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~ RO-5-2240S 
ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Voc and Vpp with respect toVec. ..... ~20V to +0.3V 


Inputs with respect toVcc. . 2... 0... —20V to +0.3V 
Storage Temperature... ........ —65°C to +150°C 
Operating Temperature... ........ 0°C to +70°C 


Standard Conditions. (unless otherwise noted) 


Vcc = +5 Volts £0.25 Volts (Vcc is the substrate voltage) 
Voc = —12 Volts +0.6 Volts 

Vpp = GND 

Operating Temperature (Ta) = 0°C to +70°C 

One TTL load (Cx total = 15 pF) 


Characteristic | Sym | Min | typ" | Max | Units | 


DC CHARACTERISTICS 
Inputs (Note 1) 

Logic 1 Level 

Logic 0 Level 

Leakage 


Count Control 
+6 Operation 
+7 Operation 
Leakage 

Outputs (Note 2) 
Logic 1 Level 
Logic 0 Level 


Power 
Supply Current 
Supply Current 


AC CHARACTERISTICS 


Counter Clock 
Frequency fox 
Pulse Width toro) 
Pulse Delay tert) 
Rise and Fall Times trek), tec) 

Counter Reset 
Pulse Width trp 
Pulse Delay tera 

Capacitance (Note 1) 

Outputs 
Address to Output Delay 
Clock to Output Delay 
Clock to Counter Output Delay 
Blanking/Unblanking Delay 
Output Enable/Disable Delay 
Counter Reset Delay 
Reset to Counter Output Delay 
Output Rise and Fail Time 


**Typical values are at +25°C and nominal voltages. 


NOTES: 


“Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 


Conditions 


Vin = Vcc 6V, Ta = 25°C 


Returned to Vac for + 6 operation. 
Returned to Vcc for + 7 operation 
Vin = Vec — BV, Ta = 25°C 


lon = 100 pA 
lo. = 1.6 mA 


Outputs unconnected, 
fox = 200 KHz 


trictky F teicioy + trict) 
+t.x(0) 25 usec 


Note (3) 
1 MHz, Ta = +25°C 


1. These parameters apply to the character address, counter clock, counter reset, blanking, and output enable inputs. 


2. These parameters apply to both the data outputs and counter output. 


3. The counter clock must not make a negative transition within the period t.., before or after a positive 


counter reset transition. The counter reset negative edge may occur any time. 
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OPERATING DESCRIPTION OPERATING NOTES 
Character selection is achieved by presenting a six-bit binary 
word at the Character Address inputs. Column selection is 


achieved by clocking an internal counter from the Counter Clock The following table summarizes the 
input. Column information appears sequentially at the seven RO-2240S input control states and 
Data Outputs, beginning with the left-most column. corresponding drive levels: 

Two additional column positions, aside from the five required for 

character presentation, are available for spacing between adja- 

cent characters. The Count Control input is used to determine ord cones -12 
whether one or both positions will be used. Between characters, eg ey te we +5V 
the Data Outputs are high (+5V), the “no-dot” condition. The eee 
Counter Reset input is available to reset the counter into the last Counter Reset 

(sixth or seventh) state. Operate ci.c4 coh ex ocskeasess +5V 
The Counter Output is provided to synchronize other system eee rer emoen rare: ey 
components to the ROM internal counter. An output appears Blanking Input 

corresponding to the last (sixth or seventh) counter state and can Unb lank ......-. sees essen ees *5V 
be conveniently used to clock an external input data register. Blank” .......seeeee eee e eee eees OV 
The Blanking Input allows all Data Outputs to be driven high Output Enable 

(+5V) without affecting any other ROM function. Data Outputs Enable ..-----+++++sees nk +5V 
can also be open-circuited for wire-ORed operation by use of the Disable** ......... sees eee eens OV 
Output Enable input. * All data outputs high (+5V) 

Memory operation is static; refresh clocks are not required to **All data outputs open-circuited 


maintain output information. The Counter Clock input is used 
only to select columns and need not be pulsed continuously. 


TIMING DIAG RAMS NEW ADDRESS <e————_______- "1" —______--______» NEW ADORESS <+———"'N" ——o- 


CHABORTES 
- Timing diagram (1) shows the time relationships between char- 
acter address, data output, counter clock and counter output oufelt *) 30% 
during typical operation of an RO-5-2240S character generator. 
An output sequence from theiRO-5-2240S-001iis shown to help ae es 
clarify operation. This sequence can be seen from the top rows Neer Neer eee 
(OUT,) of the characters “I” and “N”. COUNTER +5 90% 


INPUT O 


LOGICAL VALUE OF OUTPUT 


st 


; “ny” ) 


Fig.1 


NEW NEw 
ADDRESS ADORESS 


CHARACTER 
ADDRESS 


L——— COUNT OF 7 ——~ ou ara 
All timing relationships shown in diagram (1) apply to any other autn 
output or combination of characters as well. RESET 


Relevant input conditions assumed but not shown in timing 
diagram (1) are as follows: 


Count Control, +5V 
Counter Reset, +5V 
Blanking Input, +5V 
Output Enable, +5V 


Had the Count Control input been at —12V, the counter sequence COUNTER 
would have been six positions instead of seven and the Counter 


Output would have been high during the sixth position. waiver 
CLOCK 


New character addresses are shown coinciding with the rising ' 

edge of the Counter Output waveform in diagram (1). This condi- ig- . $a wre. eelae 
tion was selected to demonstrate use of the Counter Output to UT aie eae _ 
advance an external input register to a new character address. . ae 
Character addresses can be changed at any other time as well. oe (ee 
Timing diagram (2) depicts output response to a character ad- mk. Se daa 
dress change when, for example, the counter is stationary in one Fig.5 


of the five character column positions. OUTPUT 
a ENABLE 


Timing diagrams (3) through (6) show timing relationships for 


the Counter Reset, Blanking Input, and Output Enable. The DATA YUL 
“open” condition in (6) implies that both the pull-up and pul- __% ee YU), 


down devices in each data output push-pull buffer are turned off. Fig.6 
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CODING AND CHARACTER FONTS 


The RO-5-2240S-001 is a pre-programmed member of the 
RO-5-2240S series with ASCII encoding and the character fonts 
shown on the right. A logic “1” represents an input or output 
voltage equal to Vss (+5V) and a logic “0” represents a voltage 
equal to Vpn (OV). 


An example demonstrating the correspondence of device out- 


The RO-5-2240S-002 is pre-programmed with a character font 
identical to the font for the RO-5-2240S-001 below with the 
exception of the characters ‘0’, ‘7’, ‘@’, and ‘M’. 


puts and sequence to the 5x7 dot matrix fonts is shown below: The RO-5-2240S-002 font for these characters is shown below: 
output 
123 4 5 sequence 
OUT, -——-"--> 0 0 0 0 0 
OUT; -——-—-> 111 0 1 
OUT, -——-> 110 1 1 
OUT; —————- 1011 1 
OUT, > 0111 1 
OUT; > 0 0 0 0 O 


oo 8 EB 
td AE 
= 2 B EB 
fo E & 
oo HF 
s o E 
& & E 
© FG 
fo H & 
2 2 2€ # 
ne el 
t+ @ E £ 
s & Ee 
= & Hd 
* @ HB 
* & O & 
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GENERAL 
INSTRUMENT 


Character Generator 


FEATURES 


ae - PIN CONFIGURATION 
@ 64x8x5 Organization — ideal for systems requiring a row 
scan 5X7 dot matrix character generator 24 LEAD DUAL IN LINE 
Single +5 Volt Supply 
TTL Compatible — all inputs and outputs 
Static Operation — no clocks required 
450ns Maximum Access Time 
175mW Maximum Power 
Three-State Outputs — under the control of an ‘Output 
Inhibit’ input to simplify memory expansion Top vew 
s Standard ASCII (RO-3-2513/CGR-001) or Totaily Automated ic. 24 2) Vcc (+5V) 
Custom Programming Available ©. 
# Zener Protected Inputs 
® Glass Passivation Protection 


DESCRIPTION 


The General Instrument RO-3-2513 is a 2560 bit static Read-Only 
Memory organized as 512 five bit words and is ideally suited for 
use as a Character Generator. Fabricated in Gl’s advanced 
GIANT II N-channel lon-Implant process to enable operation 
from a single +5 Volt power supply, the RO-3-2513 can Store, for 
high speed raster scan CRT displays, a full 64 characters in a 
standard 5x7 dot matrix format. 

The RO-3-2513 is available pre-programmed with ASCII encoded 
5X7 characters (GI part no. RO-3-2513/CGR-001) a direct re- 
placement in pin connection, operation, and character font for 
the Signetics 2513/CM2140. 


A separate publication, “RO-3-2513 Custom Coding Informa- 
tion,” available from Gl Sales Offices, describes the punched 
card and truth table format for custom programming of the 
RO-3-2513 memory. 


BLOCK DIAGRAM 


ROW 
ADDRESS 


ADDRESS MEMORY 


OUT PUT 


ADDRESS 
INPUT MATRIX 
BUFFERS DECODE 512 xX 5 BUFFERS 


CHARACTER 
ADDRESS 


OUTPUT 
INHIBIT 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings“ 


Vcc and input voltages (with respect toGND) . . -0.3V to +8.0V *Exceeding these ratings could cause perma- 
Storage Temperature... ......... —65°C to +150°C nent damage to this device. Functional oper- 
Operating Temperature (Ta)... . 2... 1. 0°C to +70°C ation at these conditions is not implied— 


operating conditions are specified below. 
Standard Conditions (unless otherwise noted) 


Vcc = +5 Volts +5% 
Operating Temperature (Ta) = 0°C to +70°C 
Output Loading: One TTL load, Cx torar = 50pF. 


Characteristic Conditions 


DC CHARACTERISTICS 
Address, Output Inhibit Inputs 
Logic “1” 

Logic “0” 

Leakage 

Data Outputs 

Logic “1” 

Logic “0” 

Leakage 


lon = 100uA 
lo. = 1.66mA 


Power Supply Current 


lec 


Outputs open 


AC CHARACTERISTICS 

Inputs 

Cycle Time tc 400 — — ns 

Capacitance Ci — 5 8 pF f = 1MHz 
Data Outputs 

Access Time tacc 75 250 450 ns 

Inhibit Response Time tr —_ 150 200 ns 

Capacitance Co — 8 10 pF f = 1MHz 


*“Typical values are at +25°C and nominal voltages. 


TIMING DIAGRAMS 


ADDRESS 
INPUTS 


DATA 
OUTPUTS 


OUTPUT 
INHIBIT 


DATA OUTPUTS 
OUTPUTS “HIGH IMPEDANCE 


HIGH 
IMPEDANCE “45 


B. INHIBIT RESPONSE TIME (ADDRESS INPUTS STABLE) 


300 


RO-3-2513 [a] 


RO-3-2513-001 STANDARD PATTERN CHARACTER FORMAT 


The RO-3-2513/CGR-001 is a pre-programmed version of the RO-3-2513 series with ASCII 

encoding and the character font shown below. A logic “1” represents an input or output 

voltage nominally equal to Vcc(+5V) and a logic “0” represents a voltage nominally equal to 
- GND (OV). 

An example demonstrating the correspondence of device outputs and addressing 

sequence to the 57 dot matrix font is shown below: 


CHARACTER ROW 
ADDRESS ADDRESS OUTPUTS 


O5 O4 03 O2 0; 


RO-3-2513/CGR-001 
ADDRESS BIT 


ASCII BIT 
ASCII ‘S’ 
CHARACTER 


RO-3-2513/CGR-00I 


CHARACTER 
ADDRESS 


Ag As 


DD a ee 
EE ES Ma es PP EE 


reg aun Wve ee tear a ieee ca 
Ce rn eo 
cl cat es eee ee 
AE ECE Ee Se 
OY OES Ee 
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TYPICAL CHARACTERISTIC CURVES 


Tacc (ns) 
Tacc (ns) 


, 9 
SF enariae (°C) Vou (VOLTS) 


ACCESS TIME vs. TEMPERATURE ACCESS TIME vs. OUTPUT VOLTAGE 


ae 

CEPRSEEEEE 
CCC 
CCCP 


Vo, (VOLTS) Voy (VOLTS) 


OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE OUTPUT SOURCE CURRENT vs. OUTPUT VOLTAGE 
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RO-5-5184 


INSTRUMENT 


Character Generator 


FEATURES 


@ Designed to drive Needle Printers. 

m Internal counter provides sequential column scanning. 

® Forward/Reverse Control for left to right and right to left 
printing capability. 

@ Carry Output available for synchronization. 

@ Three-State output configuration. 


PIN CONFIGURATION 
24 LEAD DUAL IN LINE 


‘ Top View 
= Two mask programmable Output Enable pins to allow 
memory expansion. 
Carry Output © CI Az Input 
m= ASC II coded standard part, RO-5-5184-3000. oad Baca 
eeoete . 3 
@ Mask programmable counter length to allow flexibility in B, Output C 5 A, Input 
character organization. B, Output O TAs input 
B, Output Gj Ag input 
B, Output CF 
DESCRIPTION B, Output CO 1] Counter Clock 
B, Output F -] Counter Reset 
The RO-5-5184 is a 5184 bit Static Read Only Memory. organized B, Output 7) Forward/Reverse Control 


By Output CF 1] Output Enable 2 


as 64 permanent storage locations of 81 bits each (9X 9 character 
J Output Enable 1 


matrix). Six address lines are used for the selection of 64 different 
characters. An internal ring counter is provided for column 
scanning; column information appears sequentially on the 9 
output lines. A Counter Reset Input is available to initialize the 
sequential scanning. A Carry Output is provided to synchronize 
external circuitry to the internal column counter. The For- 
ward/Reverse Control allows scanning from left to right or from 
right to left. 

The 9 output lines have tri-state configuration. Two mask pro- 
grammable Output Enable pins are provided for expansion up to 
a 5184 X 4 bit system without external logic. 


Low threshold P-channel enhancement mode metal gate tech- 
nology is used for input/output direct TTL compatibility. All 
inputs are zener protected. 


BLOCK DIAGRAM 
INPUTS COUNTER COUNTER CARRY 


Ail A2 A3A4A5 A6 CLOCK RESET OUTPUT 


OUTPUT 
ENABLE 1 


FCOLUMN COUNTER OUTPUT 


CHARACTER SELECT. 
ENABLE 2 


a 


123456789 


1(X1) 


MEMORY OUTPUT 


MATRIX SELecTION | VI(IV) | ISTAGES 


; VETNCHN) 
IX(1) 


FORWARD/REVERSE CONTROL 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings“ 


' Voltage on any pin with respect toVcc. .... —20V to +0.3V 
Temperature Range. ........... —55°C to +125°C 
Operating Temperature. ........... 0°C to+70°C 


Standard Conditions (unless otherwise noted) 


Vec = +5V +0.5V 
Voi = GND 
Voc = —12V +1V 


Characteristics apply over temperature range unless otherwise stated. 


Characteristic 


Counter Clock Input 
Repitition Rate 

Pulse Width, ow 

Pulse Separation, ¢s 
Rise & Fall Times, tr, tf 
Logic ‘0’ Level, Vit 
Logic ‘1’ Level, Vin 
Input Leakage, lin 
Input Capacitance, Cin 


Address Inputs 

Logic ‘0’ Level, Vir 
Lotic ‘1’ Level, Vin 
Input Leakage, lin 
Input Capacitance, Cin 


Reset Input 


Counter Clock to Reset 
Pulse delay, tcrp. 
Reset pulse width 


Data Outputs 
Logic ‘0’ Level, Vor 
Logic ‘1’ Level, Von 
Clock to Output delay time, tco 
Clock to Carry Output 
delay time, tcc 
Address to Output 
delay time, tao 
Reset to Output 
delay time, tres 
Forward/Reverse to Output 
delay time, trro 
Output Enable 
delay time, tozo 


Power Consumption, Pp 


**Typical values are at +25°C and. nominal voltages. 
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“Exceeding these ratings could cause perma- 
nent damage to this device. Functional oper- 
ation at these conditions is not implied 
— operating conditions are specified below. 


Conditions 


At a logic ‘1’ level 
At a logic ‘0’ level 


Measured at Vin= Vcc—10V at 25°C 
Vin = Vec, f = 1MHz 


Measured at Vin= Vcc—10V at 25°C 
Vin = Vcc, f& 1MHz 


Fig.1 
Fig.2 


lo. = 1.6mA 
lon = 100 pA 


Figs. 3,4,5,6,7, & 8 
1 TTL, 10pF load 


Ta = 25°C 


Ta= 25°C 


RO-5-5184 [=} 


TIMING DIAGRAMS 
COUNTER CLOCK 


LOGIC 1 
LOGIC 0 
COUNTER RESET 
LOGIC 1 
LOGIC 0 
COLUMN FORWARD 
ME ERSE ix” ax vip ix 1X IX Vint 
Fig.1 CLOCK TO RESET DELAY TIME 
COUNTER CLOCK LOGIC O 
COUNTER RESET metre 
LOGIC 0 
tip 
Fig.2 RESET PULSE WIDTH 
NEW NEW 
ADDRESS ADDRESS 
CHARACTER ! LOGIC 1 7 LOGIC 1 
ADDRESS 
(A1 to A6) LOGIC 0 COUNTER CLOCK LoGico 
wee DATA OUTPUTS 
- DATA OUTPUTS LOGIC 1 
(B1 to B9) Ecol (B1 to B9) LOGIC 0 
t t 
Cc 
t t. co O 


Fig.3 ADDRESS TO OUTPUT DELAY TIME Fig.4 CLOCK TO OUTPUT DELAY TIME 


ENABLE DISABLE —__ ENABLE 
CONDITION CONDITION CONDITION 
FORWARD/ OUTPUT ENABLE 
tual level depend 
REVERSE LOGIC 1(FORWARD) (Ror Janel depends LOGIC 1 
CONTROL LOGIC O(REVERSE) LOGIC 0 
DATA 
LOGIC 1 
OUTPUTS One DATA OUTPUTS 
(B1 to B9) LOGIC 0 (B1 to B9) 


3rd state 


Fig.6 OUTPUT ENABLE TO OUTPUT DELAY TIME 


Fig.5 FORWARD/REVERSE TO OUTPUT DELAY TIME 


COUNTER RESET poe LOGIC 1 
COUNTER CLOCK 
LOGIC O 0] LOGIC 0 
LOGIC 1 
DATA OUTPUTS LOGIC 1 
LOGIC 0 CARRY OUTPUT boetee 
tres 
FORWARD 
t (FORWARD) 
COLUMN Jc KEORINA COLUMN it i iX” REVERSE 
Ix (REVERSE) 


Fig.7 RESET TO OUTPUT DELAY TIME Fig.8 CLOCK TO CARRY DELAY TIME 
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OPERATION 


CHARACTER SELECTION 


Six address inputs are provided for selection of the 64 different 
characters. The address inputs are binary weighted (A: is the 
LSB). 


COLUMN SELECTION 


Column selection depends upon Forward/Reverse Control 
which permits the scanning of characters either from the first (1) 


to the last (IX) or from the last (1X) to the first (1) column as shown 
in fig.9. By changing line by line the logic value of For- 
ward/Reverse control printing alternatively left to right or right to 
left is possible (see fig.10). 

This feature allows faster printing by eliminating the fly back 
dead time between lines. The logic level of Forward/Reverse 
Control has to be constant “1” for left to right scanning and 
constant “0” for right to left scanning. 


Fig.9 COLUMN SELECTION 


| FORWARD REVERSE 
Count Column Count. Charact. Carry Count Column Count. Charact. Carry 
Reset State Column Outp. Reset State Column Outp. 


Moko koko ko koko koko koko) 
| yo 2A0ONOODARWNH = 
|con=coo0c00000 


0 8 
0 9 
1 1 
1 1 
1 1 


C000 | 


CHARACTER MATRIX 


1stline —»> 


2nd line 
3rd line l, 


4th line [. aaa 


nth line 


|coo0o0c0ca0ccCCc0Ceo 
| o=OONODUNSWND— 
| CcO4=DDO0DDO0O0O 


—--4=-= 00 | 
—“~4-©o | 
CoO=-0 | 


forward/reverse logic value is changed line by line 


Fig.10 FORWARD/REVERSE PRINTING 
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OUTPUT ENABLE DECODER 


Two Output Enable lines are provided for chip selection, when a 
chip is not selected the outputs are disabled (high impedance). 


Output Enable signals are internally decoded by a mask pro- 
grammable decoder to minimize logic for memory expansion. 


The output enable code assigned to different RO-5-5184 is per- 


RO-5-5184 [=] 


manently programmed into the ROM at the same time as the 
custom data pattern. 


A system of 4 x 5184 = 20736 bit character generator needing no 


external enable logic is easily obtained wiring the outputs of four 
different RO-5-5184 together as shown on fig.11. 


OUTPUT ENABLE CODING 


DEVICE SELECTION 


Output Output 
RO-5-5184 
Rosie Enable 1 Enable2 | AT BCU 


) 0 
1 0 
0 1 
1 1 


COLUMN COUNTER 


This counter operates on the positive going edges of the Counter 
Clock. 

Each counter cell is implemented with a cross coupled flip-flop 
so that the counter position is fully static. 

Carry Output is active (logic ‘1’) when the counter is in the last 


OUTPUT STAGES 


Nine TTL compatible Outputs (B; to Bs) are provided to show the 
memory content. 


The Tri-state configuration of output stages allows bus structure 
for memory expansion under the contro! of Output Enable 
signals. 


selected 


selected —_ — 
_ selected — 


selected 


position, to indicate that a character has been fully scanned. 
When active (logic ‘1’) the Counter Reset Input resets the counter 
in the first position to initialise the scanning. 


The counting length is mask programmable, it is possible to 
program any length between five and nine. 


OUTPUT ENABLE 1 
OUTPUT ENABLE 2 


Al 


RO-5-5184 
D 
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RO-5-5184 
RO-5-5184-050 STANDARD PATTERN CHARACTER FORMAT 


| 
i 
DEVICE SELECTED 


OUTPUT ENABLE 1 
OUTPUT ENABLE 2 


BLANK 


El 
| 


o 
[- +] 
ws 
ve] 
w 
4 
“ 
N 
~- 
(s)) 
© 
ia 
wo 
w 
v 
~m 
N 
o~ 
a 
@ 
Ss 
wo 
w 
< 
ise) 
N 
~t 
fo.) 
eo 
io 
© 
wo 
bg 
te] 
N 
r= 
fo] 
@ 
~ 
ie] 
i's) 
4 
) 
N 
=~ 
fo] 
@ 
~ 
ve] 
wo 
v 
” 
N 
Cas | 
a 
[*) 
~ 
wo 
w 
vt 
be] 
N 
~~ 
fo) 
w@ 
~~ 
© 
wo 
vt 
“ 
N 
ot 


SHADED 
SQUARE 


VOLTAGE 


DESIRED 
OUTPUT 


TZEVS9L86 TZEVS9L86 IZEVS9LEG IZEvS9LBE IcEHS9L86 IZEVS9LEE IZEVS9LEG IZEVS9L86 


COUNTER 
STATE 
OQUTPUT 


ADDRESS 
A6 A5 A4 
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RO-5-5184 


~~ Ce 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 


COUNTER 
STATE 


ADDRESS 


RO-5-5184-3000 STANDARD PATTERN CHARACTER FORMAT 
AG AS A4 


TZEVS9L86 TZEvS9L86 TcEvS9L86 TZEvS9L86 


T2€vsS9lse6 


TCE vS9L86 


TCEVS9L86 


Tcevsole6 


OUTPUT ENABLE 1 


E 


SHADED 
SQUARE 
BLANK 


DEVICE SELECTED 


BG 


DESIRED 
OUTPUT 
VOLTAGE 
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GEINERAL 


INSTRUMENT 


amt 


PACKAGE OUTLINES [ai] 


8 LEAD DUAL IN LINE. 


520 
300 

tNOEX 

POINT 


~ 085 REF 


PLASTIC | CERAMIC 


14 LEAD DUAL IN LINE 


PE 
ve a 


=" 


100~ OS ryp 
NON-CUM 


CERAMIC 


16 LEAD DUAL IN LINE 


See TYR 


ee Tve. 


PLASTIC CERAMIC 
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[=] PACKAGE OUTLINES 


18 LEAD DUAL IN LINE 


to° TYP 


BASE PLANE a Lh. 
SEATING PLANE BASE PLANE 
SEATING PLANE 


PLASTIC CERAMIC 


22 LEAD DUAL IN LINE 


012 ui .o1o+.002 
G08 TY? 
Or-15* 
TYP 


A190 
- 390 


NO 
.090 


PLASTIC CERAMIC 


24 LEAD DUAL IN LINE 


INDEX 
POINT 


INDEX POINT 


PLASTIC | CERAMIC 


314° 


PACKAGE OUTLINES [=] 
28 LEAD DUAL IN LINE 


INDEX 
POINT 


a 
TTT} 


020 
‘OS TYP 
1305, 
1.298) 


SEATING PLANE 


100 *.008 typ, 
NON-CUl 


PLASTIC 


CERAMIC 


40 LEAD DUAL IN LINE 


ee es reel 


PLASTIC 


CERAMIC 
8 LEAD (.200 P.C.) 


8 LEAD (.230 P.C.) 10 LEAD 


12 LEAD 


eqn = 


min. a 


gene _-— 7 min. 0.500 
el 
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NORTH AMERICA 


UNITED STATES: 

GENERAL INSTRUMENT CORPORATION 
MICROELECTRONICS 
HEADQUARTERS—600 West John Street, 
Hicksville, New York 11802 

‘Tel: 516-733-3107, TWX: 510-221-1866 
NORTHEAST—Riverside Office Park, Suite 103, 
Riverside Road, Weston, Massachusetts 02193 
Tel: 617-899-8800, TWX: 710-324-0767 
SOUTHEAST—271 Schilling Circle, 

Hunt Valley, Maryland 21030 

Tel: 301-628-2120, TWX: 710-862-9064 
CENTRAL—3101 West Pratt Boulevard, 
Chicago, lilinois 60645 

Tel: 312-338-9200, TWX: 910-221-1416 
WESTERN—1100 Quail Street, Suite 114, 
Newport Beach, California 92660 

Tel: 714-833-9400, TWX: 910-595-1730 


CANADA: 

GENERAL INSTRUMENT OF CANADA LTD. 
61 Industry Street, Toronto M6M 4L5 

Tel: 416-763-4133, TWX: 610-491-1217 


2359 43rd Avenue, Lachine, Quebec 
Tel: 514-636-9454, Telex: 21721 


SOUTH AMERICA 


- BRAZIL: 

GENERAL INSTRUMENT leC Ltda 

Av. Faria Lima 1794, Sao Paulo CEP 01452 
Tel: 2105508 


SALES OFFICES [=] 


EUROPE 


EUROPEAN SALES HEADQUARTERS: 
GENERAL INSTRUMENT 
MICROELECTRONICS LTD. 

57/61 Mortimer Street, London W1N 7TD 
Tel: 01-636-2022, Telex: 23272 
CENTRAL EUROPEAN SALES OFFICE: 
GENERAL INSTRUMENT 
DEUTSCHLAND GmbH 

(MOS Produktgruppe) 

Nordenstrasse 1A, 8000 Munchen 40 
Tel: (089)28.40.31, Telex: 528054 


ASIA 


JAPAN: 

GENERAL INSTRUMENT 
INTERNATIONAL CORP. 

Fukide Building 

17 Fukide-cho, Minato-ku, Tokyo 105 
Tel: (03) 437-0281-5, Telex: 26579 


HONG KONG: 

GENERAL INSTRUMENT CORPORATION 
MICROELECTRONICS 

Room 704 Star House 

3 Salisbury Road, Kowloon, Hong Kong 
Tel: 3-675528, Telex: 84606 


MANUFACTURING FACILITIES 
Hicksville, New York; Chandler, Arizona; 
Glenrothes, Scotland; Kaohsiung, Taiwan 


tye 
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_ [&] SALES REPRESENTATIVES 


UNITED STATES 


ALABAMA 


20th Century Marketing 

P.O. Box 6127—Hertz Sky Ctr. 
Huntsville, AL 35806 

Tel: (205) 772-9237 

TWX: 810-726-2194 


ARIZONA 

Piper Goyne 

P.O. Box 1648 
Scottsdale, AZ 85252 
Tel: (602) 946-4437 
TWX: 910-950-0083 


CALIFORNIA 


Varigon Assoc. 

9315S. Douglas 

El Segundo, CA 90245 
Tel: (213) 679-0621 
TWX: 910-325-6610 

PM Sales 

475 So. San Antonio Road 
Los Altos, CA 94022 
Tel: (415) 941-4444 
TWX: 910-370-7463 
Varigon Assoc. 

2423 Camino Del Rio S. 
Suite 207 

San Diego, CA 92108 
Tel: (714) 299-5413 


COLORADO 

Piper Goyne 

8041 W.1! 70 

N. Frontage Rd. 
Arvada, CO 80003 
Tel: (803) 420-4646 
TWX: 910-938-0755 


CONNECTICUT 
Gerald Rosen Co. 
Colonial Square 
2420 Main St. 
Stratford, CT 06497 
Tel: (203) 375-5456 


FLORIDA 


- Hutto, Hawkins & Peregoy 
139 Candace Dr. 
Maitland, FL 32751 
Tel: (305) 831-2474 
TWX: 810-853-0256 
Hutto, Hawkins & Peregoy 
2159 S.E. 9th St. 
Pompano Beach, FL 33061 
Tel: (305) 943-9593 
TWX: 510-956-9402 


GEORGIA 


20th Century Marketing 
6176 Ridgeway 
Douglasville, GA 30134 
Tel: (404) 942-6483 
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ILLINOIS 


Metcom Assoc. 
2 Talcott Rd. 


Park Ridge, IL 60068 


Tel: (312) 696-1490 
TWX: 910-253-5941 


INDIANA 


V.S. & Assoc. 

1000 N. Madison Ave. 
Greenwood, IN 46142 
Tel: (317) 888-2260 
TWX: 810-260-2231 


V.S. & Assoc. 

2122A Miami St. 
South Bend, IN 46613 
Tel: (219) 291-6258 
TWX: 810-299-2535 


IOWA 


J.R. Sales Engineering 
3550 Cottage Grove SE 
Cedar Rapids, IA 52403 
Tel: (319) 393-2232 


MARYLAND 


Component Sales 

Hilton Plaza Inn—Suite 206 
1726 Reisterstown Rd. 
Baltimore, MD 21298 

Tel: (301) 484-3647 

TWX: 710-862-0852 


MASSACHUSETTS 


Gerald Rosen 

271 Worcester Rd. 
Framingham, MA 01701 
Tel: (617) 879-5505 
TWX: 710-380-0466 


MICHIGAN 


V.S. & Assoc. 

29551 Greenfield Rd. 
Suite 219 

Southfield, MI 48076 
Tel: (813) 559-3680 
TWX: 810-299-2535 


MINNESOTA 


Nortec Sales 

4530 W. 77th St. 
Minneapolis, MN 55435 
Tel: (612) 835-7414 
TWX: 910-576-2842 


NEW JERSEY 


R.T. Reid Assoc. 
705 Cedar Lane 
Teaneck, NJ 07666 
Tel: (201) 692-0200 
TWX: 710-990-5086 


NEW MEXICO 


Piper Goyne 

11701 Menaul, N.E. 
Albuquerque, NM 87111 
Tel: (505) 294-1436 


NEW YORK 


Quality Components 
2095 Kensington Ave. 
Buffalo, NY 14226 
Tel: (716) 839-4170 


Quality Components 
116 E. Fayette St. 
Manlius, NY 13104 
Tel: (315) 682-8885 
TWX: 710-545-0663 


Quality Components 
45 Solmar Dr. 
Rochester, NY 14624 
Tel: (716) 889-1919 


NORTH CAROLINA 
Component Sales 
P.O. Box 18821 
Raleigh, NC 27609 
Tel: (919) 782-8433 


OHIO 


Bear Marketing 
3623 Brecksville Rd. 
Richfield, OH 44286 
Tel: (216) 659-3131 
TWX: 810-427-9100 


OREGON 


Jas. J. Backer Co. 

2035 S.W. 58th St.—Room 207 
Portland, OR 97221 

Tel: (503) 297-3776 


Jas. J. Backer Co. 

353 Reese Hill Rd. S.E. 
Salem, OR 97302 

Tel: (503) 362-0717 


PENNSYLVANIA 


ABC Electronic Sales 

1 Fairway Plaza, Suite 310 
Huntingdon Valley, PA 19006 
Tel: (215) 947-6960 

TWX: 510-665-5303 


TEXAS 


Oeler & Menelaides 
P.O. Box 35428 | 
Houston, TX 77035 z 
Tel: (713) 772-0730 | 

TWX: 910-867-4745 


Oeler & Menelaides 
7778. Central—Suite 2C 
Richardson, TX 75080 
Tel: (214) 234-6334 


WASHINGTON 


Jas. J. Backer Co. 
221 West Galer St. 
Seattle, WA 98119 
Tel: (206) 285-1300 
TWX: 910-444-1646 


UNITED STATES 


ARIZONA 


Mirco 

2104 W. Peoria Ave. 
Phoenix, AZ 85029 
Tel: (602) 944-2281 


CALIFORNIA 


Semi Comp 

4029 Westerly Place 
Newport Beach, CA 92660 
Tel: (714) 833-3070 


Intermark 


4040 Sorrento Valley Rd.—Suite A 


San Diego, CA 92111 
Tel: (714) 279-5200 


Semi Comp 

8046 Engineer Rd. 
San Diego, CA 92111 
Tel: (714) 560-0373 


Intermark 

2920 W. Warner 
Santa Ana, CA 92704 
Tel: (714) 540-1322 
Diplomat 

1118 Elko Dr. 
Sunnyvale, CA 94086 
Tel: (408) 734-1900 


Intermark 

1020 Stewart Drive 
Sunnyvale, CA 94086 
Tel: (408) 738-1111 


Semi Comp 

1031 E. Duane Ave. 
Sunnyvale, CA 94086 
Tel: (408) 736-2330 


Semiconductor Concepts 
21201 Oxnard Street 
Woodland Hills, CA 91364 
Tel: (213) 884-4560 


COLORADO 


Intermark 

2600 W. pecan ave: 
Denver, CO 8021 

Tel: (303) 936- aoe 


CONNECTICUT 


Arrow 

295 Treadwell St. 
Hamden, CT 06514 
Tel: (203) 248-3801 


FLORIDA 


Diplomat 

1771 N. Hercules Ave. 
Clearwater, FL 33515 
Tel: (813) 443-4514 


Cramer 

4035 N. 29th Ave. 
P.O. Box WW. 
Hollywood, FL 33022 
Tel: (305) 923-8181 


Cramer 

345 Graham Avenue 
P.O. Box 20214 
Orlando, FL 32814 
Tel: (305) 894-1511 


ILLINOIS 


Diplomat 

2451 Brickvale Dr. 
Elk Grove, IL 60007 
Tel: (312) 595-1000 


Semiconductor Specialists 
195 Spangler Avenue 
Eimhurst Industrial Park 
Elmhurst, IL 60126 

Tel: (312) 279-1000 


Advent 

7110 N. Lyndon St. 

Rosemont, IL 60018 
Tel: (312) 298-4210 


INDIANA 


Ft. Wayne Electronics 
3606 E. Maumee Ave. 
Ft. Wayne, IN 46803 
Tel: (219) 423-3422 


Semiconductor Specialists 
P.O. Box 41645 

Weir Cook Airport 
Indianapolis, IN 46241 

Tel: (317) 243-8271 


IOWA 


Deeco 

2500 16th Avenue, S.W. 
Cedar Rapids, IA 52404 
Tel: (319) 365-7551 


KANSAS 


Hall-Mark 

9006 Rosehill Road 
Lenexa, KS 66215 
Tel: (913) 888-4747 


MARYLAND 


Arrow 

4801 Benson Ave. 
Baltimore, MD 21227 
Tel: (301) 247-5200 


Cramer 

16021 Industrial Road 
Gaithersburg, MD 20760 
Tel: (301) 948-0110 
Pioneer 

1037 Taft Street 
Rockville, MD 20850 
Tel: (301) 424-3300 


MASSACHUSETTS 


Arrow 

15A Street 
Burlington, MA 01803 
Tel: (617) 273-0100 


Diplomat 

559 East St. 

Chicopee Falls, MA 01020 
Tel: (413) 592-9441 


Diplomat 

Kuniholm Dr. 
Holliston, MA 01746 
Tel: (617) 429-4120 


Greene/Shaw 

70 Bridge Street 
Newton, MA 02158 
Tel: (617) 969-8900 


MICHIGAN 


Diplomat 

32708 W. Eight Mile Rd. 
Farmington, Mi 48024 
Tel: (313) 477-3200 


Semiconductor Specialists 
33505 State St. 
Farmington, Ml 48024 

Tel: (313) 478-2700 


MINNESOTA 


Arrow 

9700 Newton Ave. South 
Bloomington, MN 55431 
Tel: (612) 888-5522 


Diplomat 

3816 Chandler Dr. 
Minneapolis, MN 55421 
Tel: (612) 788-8601 


Hall-Mark 

9201 Penn Ave. S. 
Minneapolis, MN 55431 
Tel: (612) 925-2944 
Semiconductor Specialists 
8030 Cedar Avenue South 
Minneapolis, MN 55423 
Tel: (612) 854-8841 


MISSOURI 


Semicondictor Specialists 
1020 Angium Rd. 

Lakeview Square 
Hazelwood, MO 63042 

Tel: (314) 731-2400 


Semiconductor Specialists 
3805 North Oak Trafficway 
Kansas City, MO 64116 
Tel: (816) 452-3900 


Diplomat 

2725 Mercantile Dr. 
St. Louis, MO 63144 
Tel: (314) 645-8550 


NEW JERSEY 


Diplomat 

Cardinal Dr. 

Little Falls, NU 07424 
Tel: (201) 785-1830 


Arrow 

Pleasant Valley Rd. 
Moorestown, NJ 08057 
Tel: (609) 235-1900 
Arrow 

285 Midland Ave. 
Saddlebrook, NJ 07662 
Tel: (201) 797-5800 


DISTRIBUTORS [=] 


NEW MEXICO 


Century 

121 Elizabeth N.E. 
Albuquerque, N.M. 87108 
Tel: (505) 292-2700 


NEW YORK 


Summit 

916 Main St. 
Buffalo, NY 14202 
Tel: (716) 884-3450 


Zeus 

175 Clear Brook Rd. 
Elmsford, NY 10523 
Tel: (914) 592-4120 


Arrow 

900 Broad Hollow Rd. (Rte. 110) 
Farmingdale, NY 11735 

Tel: (516) 694-6800 


Arrow 

Old Route 9 
Fishkill, NY 12524 
Tel: (914) 896-7530 
Milgray 

191 Hanse Ave. 
Freeport, NY 11520 
Tel: (516) 546-6000 


Semiconductor Concepts 
195 Engineers Road 
Hauppauge, NY 11787 
Tel: (516) 273-1234 
Wilshire 

617 Main St. 

Johnson City, NY 13790 
Tel: (609) 797-1236 
Diplomat 

303 Crossway Park Dr. 
Woodbury, NY 11797 
Tel: (516) 921-9373 


NORTH CAROLINA 


Cramer 

938 Burke St. 
Winston-Salem, NC 27102 
Tel: (919) 725- 8711 


Pyttronic 

4509 Creedmoor Rd. 
Raleigh, NC 27612 
Tel: (919) 782-6370 


OHIO 


Arrow 

23500 Mercantile Rd. 
Cleveland, OH 44122 
Tel: (216) 464-2000 


Arrow 

3100 Plainfield Rd. 
Dayton, OH 45432 

Tel: (513) 253-9176 


Diplomat 

2452 Stanley Ave. 
Dayton, OH 45404 
Tel: (513) 228-1080 


Semiconductor Specialists 
4500 Wadsworth Rd. 
Dayton, OH 45411 

Tel (513) 278-9455 


Repco 

6835 Cochran Rd. 
Solon, OH 441389 
Tel: (216) 248-8900 


OREGON 


United Radio 

123 N.E. 7th Ave. 
Portland, OR 97214 
Tel: (503) 233-7151 


PENNSYLVANIA 


Pioneer 

203 Witmer Rd. 

Horsham, PA 19044 

Tel: (215) 674-5710 
Semiconductor Specialists 
1000 R.1.D.C. Plaza—Suite 207 
Pittsburgh, PA 15238 

Tel: (412) 781-8120 


Hall-Mark 

P.O. Box 125 
Trevose, PA 19047 
Tel: (215) 355-7300 


TEXAS 


Component Specialties 
2560 Electronic Lane 
Dallas, TX 77036 

Tel: (214) 357-4576 


Semiconductor Specialists 
9990 Monroe Drive—Suite 112 
Dallas, TX 75220 

Tel: (214) 358-5211 


Component Specialties 
7315 Ashcroft 

Houston, TX 77036 

Tel: (713) 771-7237 


Lenert 

1420 Hutchins Avenue 
Houston, TX 77001 
Tel: (713) 225-1465 


UTAH 


Century 

2150 South 300 West 
Salt Lake City, UT 84115 
Tel: (801) 487-8551 
Diplomat 

2280 South Main St. 

Salt Lake City, UT 84115 
Tel: (801) 486- 7227 


WASHINGTON 


Intermark 

6301 Sixth Ave. South 
Seattle, WA 98108 
Tel: (206) RO 7-3160 


WISCONSIN 


Taylor 

1000 W. Donges Bay Rd. 
Mequon, WI! 53092 

Tel: (414) 241-4321 


Semiconductor Specialists 
10855 West Potter Rd. 
Milwaukee, WI 53226 

Tel: (414) 257-1330 

Arrow 

2925 South 160th St. 

New Berlin, WI 53151 

Tel: (414) 782-2801 


CANADA 


British Columbia 


RAE Industrial Electronics Ltd. 
971 Richards Street 
Vancouver, B.C. 

Tel: (604) 687-2621 

TWX: (610) 929-3065 


Manitoba 


Cam Gard Supply & Service Ltd. 
1777 Ellice Avenue 

Winnipeg, Manitoba 

Tel: (204) 786-8481 

Telex: 07-57622 


Ontario 


Cesco Electronics Ltd. 
24 Martin Ross Avenue 
Downsview, Ontario 
Tel: (416) 661-0220 
Telex: 02-29697 


Cesco Electronics Ltd. 
1300 Carling Avenue 
Ottawa, Ontario 

Tel: (613) 729-5118 
Telex: 053-3584 


Future Electronics Corp. 
44 Fasken Drive, Unit 24 
Rexdale, Ontario 

Tel: (416) 677-7820 


Electro Sonic Inc. 

1100 Gordon Baker Road 
Willowdale, Ontario 

Tel: (416) 494-1666 
Telex: 06-22030 


Quebec 


Cesco Electronics Ltd. 
4050 Jean Talon St. West 
Montreal, Quebec 

Tel: (514) 735-5511 
Telex: 05-25590 


Future Electronics Corp. 
5647 Ferrier Street 
Montreal, Quebec 

Tel: (514) 735-5775 
TWX: (610) 421-3251 
Telex: 05-827789 


Cesco Electronics Corp. 
98 Oest. St Vallier 
Quebec City, PQ 

Tel: (418) 524-4641 
Telex: 011-285 
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[=] AGENCIES AND DISTRIBUTORS 


EUROPE 


AUSTRIA 
Elbatex GmbH 


-Gatterholzgasse 20 


A 1120 Wien 
Tel: 0222/83 02 16, Telex: 13060 


BELGIUM 


C.P. Clare International N.V. 
102 Gen, Gratry 

Bruxelles 4. 

Tel: 02-736.01.97., Telex: 24157 


DENMARK 


A/S Nordisk—Elektronik 
Transformervej 17 
DK-2730 Herlev 

Tel: 84.20.00, Telex: 19219 


FINLAND 


Jorma Sarkkinen Ky. 
Heikintori, P.O. Box 19, 
SF-02100 Tapiola 

Tel: 46.10.88, Telex: 122028 


FRANCE 


P.E.P. 

4 Rue Barthelemy 

92120 Montrouge, 

Tel: 735.33.20, Telex: 24534 


GERMANY 


Frankfurt/Main 

Berger Elektronik GmbH 

Am Tiergarten 14 

Tel: 0611/490311, Telex: 04-12649 


Heilbronn 

Elbatex GmbH 

Caecilienstr. 24 

Tel: 07131/89001, Telex: 728362 
Lehrte 

Altron 

A.E. Thronicke KG 

3160 Lehrte 

Postfach 1280 

Tel: 05132/53024, Telex: 922383 
Munchen 

Electronic 2000 Vertriebs-GbmH 
Neumarkter Str. 75 

8000 Munchen 80, 

Tel: 0 89/43 40 61, Telex: 02-2561 


GREECE 


Elfon Ltd. 

46 Asklipiou Str. 

Athens 

Tel: (021) 629-385, Telex: 214150 


HOLLAND 


Curijn Hasselaar 

V Limburg Stirumstraat 31 . 
P.O. Box 37, Geldermalsen 

Tel: (0) 3455-3150, Telex: 40259 


ITALY 


Bologna 

Adelsy Sas 

Via Savigno5 

Tel: 470622 

Milano 

Adelsy 

Via Jacopo Palma 1 
Tel: 4044046-7-8 
Roma 

Adelsy 

Piazzale Flaminio 19 
Roma 

Tel: 3606580/3605769 
Augusto Cioccolanti 
Via C. Pascucci 28 
00124 Roma | 
Tel: 60.91.952 


NORWAY 


J.M. Feiring A/S 
Box 101, Bryn, Oslo 6 
Tel: (02) 68.63.60, Telex: 16435 


SPAIN 


Julio Gazcon Hontecillas Electronica 


Caspe 26 
Barcelona—10 
Tel: 231834/2227457, Telex: 52764 


SWEDEN 


Ajgers Elektronik AB 

Box 7052 

S-172-07 Sundbyberg 

Tel: 08-985475, Telex: 10526 


SWITZERLAND 


Elbatex AG 

Albert Zwyssigstr. 28 
CH 5430 Weitingen 
Tel: 056/265641 


UNITED KINGDOM 


Keighley 

Semicomps Northern Ltd. 
ingrow Lane 

Keighley, W. Yorks 

Tel: Keighley 65191, Telex: 517343 
Kelso 

Semicomps Northern Ltd. 
East Bowmont Street 

Kelso, Roxburghshire 

Tel: Kelso 2366, Telex: 72692 
Portsmouth 

SDS Components Ltd. 
Hilsea Industrial Estate 
Portsmouth, Hants PO3 5JW 
Tel: 0705 65311 

St. Albans 

Semicomps Lid. 

Wellington Road 

London Colney 

St. Albans, Herts 

Tel: Bowmans Green 24522 


West Drayton te 
Semiconductor Specialists Ltd. - 
Premier House, Fairfield Road | - 
Yiewsley, West Drayton, Middlesex. 
Tel: West Drayton 46415 


MIDDLE EAST 


IRAN 


A. Ardehali 
138 Vozara Ave., Tehran 
Tel: 622896 


ISRAEL 


Alexander Schneider Ltd. > 

44 Petach Tikva Road 

Tel-Aviv 

Tel: 320.89-346.07, Telex: 033/613 
Cable: DANYGAL, Tel-Aviv 


ASIA 


HONG KONG 


Astec Components Ltd. 
6 Hankow Road—2nd Floor 
Keystone House, Kowloon 


- Tel: 3-687760 Kowloon 


Telex: 780-74899 + 
INDIA 


SDM and Associates 
Greater Kailash—1 
New Delhi~-110048 
Tel: 611513 


AUSTRALIA 


New South Wales 

G.E.S. (PTY) Ltd. 

99 Alexander Street 

Crows Nest, N.S.W. 

Tel: 439-2488, Telex: 25486 
Victoria | —— 
R and D Electronics (PTY) Ltd. 
23 Burwood Road 

Burwood, Victoria 

Tel: 288-8232, Telex: 33288 


SOUTH AFRICA 


Metlionics (PTY) Ltd. 

P.O. Box 39690 

Bramley 2018 

Tel: 40-7746, Telex: 43-4852 


TERMS OF SALE 


1. INVOICE TERMS 


(a) All orders are subject to the final acceptance by Seller’s credit 
department. 

(b) All shipments are F.O.B., Seller’s plant, unless otherwise stated 
hereon. 

(c) The Seller reserves the right to make shipments in part or in 
whole, and the Seller’s Invoices for such shipments shall be accepted 
and paid as rendered without regard to whether or not the balance of the 
order is shipped. 


2. PRICES 


(a) Prices are based upon shipments being made F.O.B. Seller’s 
plants. 

(b) Prices do not include any Municipal, State, or Federal sales, use, 
excise or similar taxes. Consequently, in addition to the prices specified, 
the amount of any present or future sales, use, excise, Or any other tax 
that may be imposed shall be paid by the Purchaser, or in Jieu thereof 
the Purchaser will provide the Seller with a tax exemption certificate 
acceptable to the taxing authorities. 

(c) The price of the merchandise covered by this order is based upon 
the Seller’s interpretation of the Purchaser’s specifications. 

(d) The Seller reserves the right to invoke a minimum billing charge 
of $100.00. 

(e) Seller reserves the right to invoke a minimum cancellation charge 
of $50.00. 


3. DELIVERY SCHEDULE 


(a) Dates of shipment are approximate and are subject to the Seller’s 
ability to conform to same, but Seller shall not incur any liability, con- 
sequential or otherwise, due to delay or failure to deliver for any reason. 
All orders are accepted subject to delays occasioned by labor, strikes, 
fires, war, or floods, accidents at factory, or any causes whatever beyond 
the Seller’s control. Delivery schedules are predicated upon the Seller’s 
ability to acquire materials, tools, dies and equipment, where necessary. 
in the event of any such delay beyond the Seller's control, the date of 
delivery of this order shall be extended by a period approximately equal 
to the time lost by reason of the delays. 

(b) !f the Seller does not receive a schedule from the Purchaser 
promptly, the rate and schedule of shipments will be set by the Seller. 

(c) Subject to change, based upon delay in prompt receipt of 
approval of sample. 

(d) Subject to change upon any modification of specifications previ- 
ously agreed upon, or delay in submission of specification acceptable 
to Seller. 

(e) Seller reserves the right to overship or undership a quantity total- 
ling 5% of the last scheduled release of any order for non-standard parts. 


4. SHIPMENT 


(a) Unless specified the Seller will select the mode of transportation 
and the Seller will not be responsible for differences in cost between one 
mode and another. 

(b) The Seller is not responsible for damage or loss in transit and 
any such claims are to be placed by the Purchaser with the carrier, where 
shipment is made F.O.B. Seller’s plant. 


5. INSPECTION AND ACCEPTANCE 


(a) It is understood that the conditions of the Purchaser’s inspection 
or test of the material covered by this order shall be mutually agreed 
upon and the Seller reserves the right to inspect any material which the 
Purchaser claims to be defective on the Purchaser’s premises and decide 
whether or not it should be replaced. Any required repairs which the 
Seller's inspection determines to be the Purchaser’s responsibility will 
be made at the Purchaser’s expense and at the Seller’s option on the 
Purchaser’s premises. 

(b) If the material covered by this order is proven defective and the 
Seller was notified of such defects in writing within twenty days from the 
date of shipment, the Seller will be responsible only for the costs of 
repair or replacement of the Seller’s product, and in no event will Seller 
be liable for any damage consequential or otherwise or for an amount in 
excess of the price (at the time of adjustment) of the defective item(s). 
The Seller will not be responsible for any charges resulting from the use 
of defective material. 

(c) No material may be returned for credit and no material may be 
returned to the Seller for correction without the Seller’s prior written 
approval, but if such unauthorized return shipments are made to the 
Seller, the Seller reserves the right to refuse the shipment or to accept 
it, and in the latter case, the shipment will be held as the Purchaser’s 
property and without responsibility to the Seller. 

(d) All claims, including claims for shortages must be made within 
five (5) days after receipt of shipment, except as otherwise contained in 
this Terms of Sale. 


6. TOOLS 


Payment of the Seller’s charges for tools, dies, jigs, fixtures, etc. 
and/or equipment required for the production of this or other orders 
does not convey ownership of such items to the Purchaser nor the right 
to remove them from the Seller’s plant, as such charges do not represent 
prices that would be charged for the sale of such items and oftentimes 
represent the costs of modifications and/or additions to standard tools 
or equipment. 


7. CANCELLATION 


Cancellation of this order for any reason whatsoever will be accepted 
only upon terms that will fully indemnify the Seller. 


8. REMEDIES OF THE SELLER 


(a) If, at the Purchaser’s request or for any other reason for which 
the Purchaser is responsible, production or shipment of this order is held 
or delayed, the Seller reserves the right to immediately invoice the Pur- 
chaser for same in accordance with the provisions of Clause 7 above and 
payment is to be made promptly in accordance with this Terms of Sale. 
Should the Purchaser release the hold or remove the cause for delay and 
the Seller agrees to reinstate the order, the schedule of delivery will be 
set by the Seller in accordance with the requirements of the Seller’s then 
existing factory schedule. 

(b) If, in the Seller’s judgment, the Purchaser's financial condition 
at any time does not justify continuance of production or shipment of the 
material covered by this or any other of the Purchaser’s orders, the 
Seller reserves the right to require full or partial payment in advance 
and/or to withhold further shipments and stop production, in which case 
the conditions of Cancellation Clause 7 above will apply. 

(c) If payment of the Seller’s invoice(s) for shipments in part or in 
whole is not made promptly and in compliance with this Terms of Sale 
above, the Seller reserves the right to withhold further shipments and/or 
stop production and, at the Seller’s option, to require full payment in 
accordance wih Clause 7 of this Terms of Sale. If, as a result of the pur- 
chaser’s failure to pay the Seller’s invoice(s) promptly, the Seller stops 
production of this order and later agrees to reinstate it, the scheduled 
rate of delivery will be set by the Seller in accordance with the require- 
ments of the Seller’s then existing factory schedule. 

(d) If at any time prior to the date of initial production and/or ship- 
ment, of this order or at any subsequent time during the course of this 
order, there shall be filed by or against the Purchaser in any Court, 
pursuant to any statute either of the United States or of any State or 
Municipality a petition of bankruptcy or insolvency, or for reorganization, 
or for the appointment of a receiver or trustee of all or a portion of the 
Purchaser’s property, or if the Purchaser makes an assignment for the 
benefit of creditors, this order shall ipso facto be cancelled and termi- 
nated and, in which event, neither the Purchaser nor any person claiming 
through or under the Purchaser or by virtue of any statute or an order of 
any Court shall be entitled to any rights of the Purchaser’s order and the 
Seller reserves the right to impose all applicable conditions of this Terms 
of Sale, including Cancellation Clause 7 above, as well as to retain as 
partial liquidated damages any payments, security, deposits or monies 
received by the Seller from the Purchaser or others in the Purchaser’s 
behalf against this order. Should the receiver, trustee, the operating 
committee, or other similar agency desire to reinstate this order or any 
uncompleted portion thereof, the Seller reserves the right to either refuse 
or accept such requests for reinstatement and, in the latter case, to 
determine what appropriate credits, if any, are to be issued to offset 
charges previously made as herein above in this clause provided for. If 
the Seller elects to reinstate the order it is subject to this Terms of Sale 
and the schedule and rate of delivery will be set by the Seller in accor- 
dance with the requirements of the Seller’s then existing factory schedule. 

(e) If the Seller accepts notes, trade acceptances or other paper as 
part or entire payment for this order, all shall become due at the Seller’s 
option, upon default in the payment of any one of them, and the Seller re- 
serves the right to impose the conditions of Cancellation Clause 7 above. 


9. The terms and conditions of this order acknowledgment supersede the 
Purchaser’s order, and no variation of this agreement shall be valid un- 
less same be in writing signed by a duly authorized officer of the Seller. 


10. General Instrument Corporation, warrants its devices against defects 
in material and workmanship for a period of ninety (90) days in the case 
of entertainment type devices, or one (1) year in case of all other devices, 
from the date of shipment provided they are used within their voltage and 
current limits and under conditions specified by General Instrument 
Corporation. Adjustments if any are subject to clauses 5(a), (b), and (c) 
of the Seller’s Standard Terms of Sale, and devices returned to factory 
for adjustment must be shipped with all transportation charges prepaid. 
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